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APPLICATIONS 



1. INTRODIJCTIOjj 

Invention: 

This invention relates to a new composition of mailer comprising n 
hydride ion having a binding energy greater than about 0.8 rV 
(hereinafter "hydrino hydride ion"). The new hydride ion may also be 
combined with a cation, snch as a proton, to yield novel compounds 

20 

L — Background of th^ jny^nnon 
2A — Hydri,Qfls 

A ir/diogcii atom having a binding energy given by 

„ r r 13.6 eV 

Binding Lnergy = ~T^^J~ ( I ) 

2 5 where p is an integer greater than I, preferably from 2 to 200. is 

disclosed in Mills. R., Ihe Grand Unified Theory of Cl a ss ical Quantum 
Mecfjanics. September 1996 Edition (" 96 Mills GUT"), provided by 
BlackLight Power, Inc., Grcai Valley Corporate Center, 41 Great Valley 
Parkway, Malvern. PA 19355; and in prior applications 

3 0 PCT/US96/07949, PCT/US94/022 19. PCT/US9 1/8496. and 

PCT/US90/1998, the entire disclosures of which are all incorporated 
herein by reference (hereinafter "Mills Prior Publications"). The binding 
energy, of an atom, ion or molecule, also known as the ionization energy, 
is the energy required to remove one electron from the atom, ion or 
3 5 molecule. 
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A hydrogen :,io.n having (he binding energy given in Fq (I) is 
hereafter referred .0 as a hyMna^.pm or hydrinn. The designation for 
. hydrino of radius ^.wherc „„ is ,he radius of an ordinary hydrogen 

a.om and , is „ intcger , is A ^ ^ ^ ^ ^ ^ 

hereinafter referred ,0 as "ordinary hydrogen a.om- or 'normal 
hydrogen a.om.- Ordinary a.omic hydrogen is characterized by i.s 
binding energy of J 3.6 eV. 

Hydrinos arc formed by reading an ordinary hydrogen a.om wi.h a 
catalysi having a net en.halpy of reaction of about 

m -27.21 eV 
where m is an integer. 

™ J^l rCkaSCS CnCfgy W " h a c ™™"sura.c decrease in 

sue of .he hydrogen a.om, ,. = „*„. For example, .ho ca.alysis of «<„ = ,) 

to «0,-l/2) releases ,0.8,1/. and the hydrogen radius decreases from a„ 
10 -«„. One such catalytic system involves potassium. The second 

ionization energy of potassium is 31.63 «•«'; and K ' releases 4.34,1/ when ii 
is reduced to K . The combination of reactions K' to and K' .0 K 
•hen. has a nc, enthalpy of reaction or 37.28 rV. which is equivalent to 
f = I in Eq. (2). 1 



27.28 eV + K' 1 A" + W 



1 H 


► - 















* + -> + 27.28 «?V (4) 

The overall reaciion is 

4*M^] +, * + *-' ,, * , «" (5) 
The energy give, off during ca.alysis is much greater than the enerov 
lost .o .he catalyst. The energy released is | a ,o c as compared ,0 " 
conventional chemical reactions. For example, when hydrogen and 
oxygen gases undergo combustion .0 rorm wa.cr 

">(*) + j 0,(*)-W/,O{/) 
the known en.halpy of formation of water is A//, = -286 Ay , w, or M8 eV 
per hydrogen atom. By contrast, each („ = .) ordinary hydrogen a.om 
undergoing ca.alysis releases a net of 40.8,V. Moreover, further catalytic 
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transitions may occur- »i=I_»2 1 1 , ' ~ 

/ tin. » 2 3' 3 4* 4 5' so on " ° ncc c:l,; >lysis 

begins, hydrinos autoca.alyze furiher in a process called 
^^Roo.lonaiion. This mechanism is similar to ,hai of an inorsanic ion 
catalysts. Bui. hydrino ca.alysis should have a higher reac.ion rate than 
that of the ...organic ion catalyst due to the better match of the enthalpy 
10 m 21.2 rV. 1 ' 

12 Hydride Ion s 

A hydride ion comprises two indistinguishable electrons bound to a 
proton. Alkali and alkaline earth hydrides react violently with water to 
release hydrogen gas which burns in air ignited by .he heat of the 
reaction with water. Typically meal hydrides decompose upon bealin« 
at a temperature well below the melting point of the parent metal. 

Novel compounds are provided comprising 

(a) at least one neutral, positive, or negative hydrogen species 
(herc.nafier "increased binding energy hydrogen species") havi„ H a 
binding energy 

(i) greater than the binding energy of the corresponding 
ordmaiy hydrogen species, or 

{::) g:sr.:cr :h=« ;he bir.di.-.g energy of any hydrogen s|>ceies 
for winch the co> responding ordinary hydrogen species is unstable or is 
no. observed because .he ordina.y hydrogen species" binding energy is 
2 5 less than thermal energies or is negative; and 

(b) at least one other clement. The compounds of the invention are 
hereinafter referred to as "increased binding energy hydrogen 
compounds". 

By "other element" in this context is meant an element other than 
an mcrcased binding energy hydrogen species. Thus, the other element 
can be an ord.nary hydrogen species, or any element other than 
hydrogen. In one group of compounds, the other element and the 
.nccased binding energy hydrogen species are neutral. |„ another 
group of compounds, the other element and increased binding energy 
hydrogen species are charged. The other element provides the balancing 
charge to form a neutral compound. The former group of compounds is 
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chnrnctcrized by molecular and coordinate bonding; the latter group is 
characterized by ionic bonding. 

The increased binding energy hydrogen species are formed by 
reacting one or more hydrino atoms with one or rnoie of an electron, 
5 hydrino atom, a compound containing at least one of said increased 

binding energy hydrogen species, and at least one other atom, molecule, 
or ion other than an increased binding energy hydrogen species. 

In one embodiment of the invention, a compound contains one or 
more increased binding energy hydrogen species selected from the group 
1 0 consisting of //;, and *; where n is an integer from one to three. 

According to a preferred embodiment of the invention, a compound 
is provided, comprising at least one increased binding energy hydrogen 
species selected from the group consisting of (a) hydride ion having a 
binding energy greater than about 0.8 eV ("increased binding energy 

1 5 hydride ion" or "hydrino hydride ion"): (b) hydrogen atom having a" 

binding energy greater than about 13.6 eV ("increased binding energy 
hydrogen atom" or -hydrino*); (c) hydrogen molecule having a first * 
binding energy grater than about 15.5 eV ("increased binding energy 
hydrogen molecule" or "dihydrino"); and (d) molecular hydrogen ion 

2 0 having a binding energy greater than about 16.4 eV ("increased binding 

energy molecular hydrogen ion" or "dihydrino molecular ion"). 

The compounds of the present invention have one or more unique 
properties which distinguished iiicm from ihc same compound 
comprising ordinary hydrogen, if such ordinary hydrogen compound 

2 5 exists. The unique properties include, for example, (a) a unique 

stoichiometry; (b) unique chemical structure; (c) one or more 
extraordinary chemical properties such as conductivity, melting point, 
boiling point, density, and refractive index; (d) unique reactivity to other 
elements and compounds; (e) stability at room temperature and above; 

3 0 and (f) stability in air and/or water. Methods for distinguishing the 

increased binding energy hydrogen-containing compounds from 
compounds of ordinary hydrogen include: |.) elemental analysis. 2.) 
solubility. 3.) reactivity, 4.) melting point. 5.) boiling point, 6.) vapor 
pressure as a function of temperature. 7.) refractive index, 8.) X-ray 
3 5 photoclectron spectroscopy (XPS). 9.) gas chromatography. 10.) X-ray 
diffraction (XRD). II.) calorimclry. !2.) infrared spectroscopy (JR), 13.) 
Raman spectroscopy. 14.) Mossbaner spectroscopy, 15.) extreme 
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ultraviolet (KUV) emission and absorption spectroscopy, 16.) ultraviolet 
(UV) emission and absorption spectroscopy, 17.) visible emission and 
absorption spcciroscopy, 18.) nuclear magnetic resonance spectroscopy, 
19.) gas phase mass spectroscopy of a heated sample (solid probe 
quadrnpolc and magnetic sector mass spectroscopy), 20.) lime-of-flight- 
sccondary-ion-mass-spcctroscopy (TOFS)MS). 21.) clectrospray- 
ioiiization-time-of-night-mass-spectroscopy (ESITOFMS), 22.) 
ihcrmogravimclric analysis (TGA), 23.) differential thermal analysis 
(DTA), and 24.) differential scanning calorimetry (DSC). 

According to the present invention, a hydride ion (IT) is provided 
having a binding energy greater than 0.8 cV. Hydride ions having a 
binding of about 3. 7. 11, 17, 23. 29, 36, 43. 49, 55. 61, 66, 69, 71° and 72 
cV arc provided. Compositions comprising rhe novel hydride ion are also 
provided. 

The binding energy of the novel hydride ion is given by the 
following formula: 



Binding Energy ~£ s ii±}l 



? *) 



I + — 



2 ? 



1 + y[s(S '+ \j 



(7) 



where p is an integer greater than one, s ^ ! /2, n is pi. h is Planck's 
constant bar, jj n is the permeability of vacuum. m , is the mass of the 
eScc;rcn % >i r is iht .ciiuu-u environ mass. a n is the Bohr radius, and e is 
the elementary charge. 

The hydride ion of the present invention is formed by the reaction 
of an electron with a hydrino. that is, a hydrogen atom having a binding 
energy of about where and p is an integer greater than 1. 



The resulting hydride ion is referred 10 as 3 hoirjjLoJiidmle_ieti. 
hereinafter designated as //(„ = 1 / p ) or H(\l p): 

wj^j+tf" -* H (n-\i f>) 



(8)a 



(8)b 



The hydrino hydride ion is distinguished from an ordinary hydride 
ion comprising an ordinary hydrogen nucleus and two electrons having a 
binding energy of 0.8 cV. The latter is hereafter referred to as 
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"ordinary hydride ion" or "normal hydride ion" The hydrino hydride ion 
comprises a hydrogen nucleus and .wo indistinguishable elcc.rons a. a 
binding energy according to Eq. (7). 

The binding energies of the hydrino hydride ion, //(,, = |/ P ) as a 
function of p. where P is an integer, are shown in TABLE I. 

T/TiA The f rc P fesen,ativc Ending energy of the hydrino hydride ion 
H («--r|/p) as a function of p. Eq. (7). 



Hydride ton 



a Equation (21). intra. 
b Equation (22). intra. 



r > Binding Wavelength 

(a,) 3 Enotgyl>(eV) (nm) 



//>= 1/2) 0.9330 3.04? 407 

">-"*> 0.6220 6 610 , 88 

"> = >'<«) 0.4665 ,,.23 , )0 

»> = !/5) 0.3732 ,6.70 742 

H-( n r-.\l (s ) 03no 22 0) ^ 

"'( ns|/ '') 0.2666 29.34 423 

"> = "8> 0.2333 36.08 3 4 4 

= 0.2073 42.83 2 8 9 

">»l'»0) 0.1Q66 4 g.37 25 , 

""(»»•'»») 0,696 SS.49 223 



» r <- r <~ ^ ^ ^. 

~. » OU.tf/ 20.3 



/r <" = "' 3 ) 0.1435 65.62 , 8 9 

"> = >"<>) 0.1333 69.21 , 7 9 

//<« = 1/15) o.t244 



71.53 |7.3 
7 2.38 ,7.1 



Novel compounds arc provided comprising one or more hydrino 
hydride ions and one or more other elements. Such a compound is 
referred to as a hydrino hvdrirf* ,-nmpn,.n,i 

Ordinary hydrogen species are characterized by the following 
binding energies (a) hydride ion. 0.754 eV ("ordinary hydride ion")- (b) 
hydrogen atom ("ordinary hydrogen atom"), 13.6 eV; (c) diatomic 
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hydrogen molecule, 15.46 eV ("ordinary hydrogen molecule"); (d) 
hydrogen molecular ion, 16.4 cV ("ordinary hydrogen molecular ion"); 
and (e) //*, 22.6 eV ("ordinary trihydrogen molecular ion*). Herein, with 

reference to forms of hydrogen, "normal" and "ordinary" are 
synonymous. 

According to a further preferred embodiment of the invention, a 
compound is provided comprising at least one increased binding energy 
hydrogen species selected from Ihe group consisting of (a) a hydrogen 
atom having a binding energy of about where p is an inlegcr. 



preferably an integer from 2 to 200; (b) a hydride ion (H ) having a 
binding energy of about 



2 7 



i + V'(*7f)V 



where p is an integer. 



f l V*U* 0 

B/i ai X / 

I p J 

preferably on integer from 2 to 200, i = l/2, n is pi. U is Planck's constant 
bar, is the permeability of vacuum, m t is the mass of the electron, fj, is 
the reduced electron mass, n, is the Bohr radius, and c is the elementary 
charge; (c) H*(\fp): (d) a irihydrino molecular ion, //;(!//;). having a 

binding energy of aboin — aV where p is an integer, preferably an 

integer from 2 io 200; (e) a dihydrino having a binding energy of about 
r eV where p is an integer, preferably and integer from 2 to 200; (0 a 



15.5 



(-:) 



1 6. -I 



2 0 dihydrino molecular ion with a binding energy of about — ^-r eV where p 



(i 



is an integer, preferably an integer from 2 to 200. "About" in the context 
herein means ±10% of the calculated binding energy value. 

The compounds of the present invention are preferably greater 
than 50 atomic percent pure. More preferably, the compounds are 
greater than 90 atomic percent pure. Most preferably, the compounds 
are greater than 98 atomic percent pure. 



• 
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According to one embodiment of the inveniion wherein the 
compound comprises a negatively charged increased binding energy 
hydrogen species, the compound further comprise one or more cations, 
such as a proton, or Hj\ 

5 The compounds of the invention may further comprise one or more 

normal hydrogen atoms and/or normal hydrogen molecules, in addition 
to the increased binding energy hydrogen species. 

The compound may have the formula MM, MH 2 , or M 2 H 2 . wherein M 
is an alkali cation and H is an increased binding energy hydride ion or an 
10 increased binding energy hydrogen atom. 

The compound may have the formula MH R wherein n is I or 2, M is 
an alkaline eanh cation and H is an increased binding energy hydride ion 
or an increased binding energy hydrogen atom. 

The compound may have the formula MUX wherein M j s an alkali 

1 5 cation, X is one of a neutral atom such as halogen atom, a molecule, ur a 

singly negatively charged anion such as halogen anion, and H is an 
increased binding energy hydride ion or an increased binding energy 
liydjogen atom. 

The compound may have the formula MHX wherein M is an 

2 0 alkaline earth cation. X is a singly negatively charged anion, and H is an 

increased binding energy hydride ion or an increased binding energy 
hydrogen atom. 

i he coiijjHMUHi inuy have the formula mnX wherein tvi is an 
alkaline earth cation. X is a double negatively charged anion, and H is an 

2 5 increased binding energy hydrogen atom. 

The compound may have the formula M ? HX wherein M is an alkali 
canon, X is a singly negatively charged anion, and H is an increased 
binding energy hydride ion or an increased binding energy hydrogen 
atom. 

3 0 The compound may have the formula MH„ wherein n is on integer 

from I to 5, M is an alkaline cation and the hydrogen content H n of the 
compound comprises at least one increased binding energy hydrogen 
species. 

The compound may have the formula M 2 H„ wherein n is an integer 
3 5 from 1 to 4. M is an alkaline earth cation and the hydrogen content H rt of 
the compound comprises at least one increased binding energy hydrogen 
species. 
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The compound may have the formula M 2 XH n wherein n is an 
integer from I (o 3. M is an alkaline canh cation, X is a singly negatively 
charged anion, and the hydrogen content H„ of the compound comprises 
at least one increased binding energy hydrogen species. 
5 The compound may have the formula M 2 X 2 H n wherein n is 1 or 2, 

M is an alkaline eanh cation, X is a singly negatively charged anion, and 
the hydrogen content H ft of the compound comprises at least one 
increased binding energy hydrogen species. 

The compound may have the formula M^XjH wherein M is an 
I 0 alkaline earth cation, X is a singly negatively charged anion, and H is an 
increased binding energy hydride ion or an increased binding energy 
hydrogen atom. 

The compound may have the formula M 2 XH„ wherein n is I or 2, M 
is an alkaline earth cation. X is a double negatively charged anion, and 

1 5 the hydrogen content )l„ of the compound comprises at least one 

increased binding energy hydrogen species. 

The compound may have the formula M?XXTl wherein M is an 
alkaline eanh cation, X is a singly negatively charged anion, X* is a double 
negatively charged anion, and H is an increased binding energy hydride 

2 0 ion or an increased binding energy hydrogen atom. 

The compound may have the formula MM'H, wherein n is an 
integer from \ to 3, M is an alkaline earth cation, M* is an alkali metal 
cation and ;hc hydrogen tonicm r5 n of the compound comprise* ai ieasi 
one increased binding energy hydrogen species. 

2 5 The compound may have the formula MM'XH q wherein n is 1 or 2, 

M is an alkaline earth cation, NT is an alkali metal cation, X is a singly 
negatively charged anion and the hydrogen content H„ of the compound 
comprises nt least one increased binding energy hydrogen species. 
The compound may have the formula MM'XH wherein M is an 

3 0 alkaline earth cation. M* is an alkali metal cation, X is a double negatively 

charged anion and H is an increased binding energy hydride ion or an 
increased binding energy hydrogen atom. 

The compound may have the formula MM'XX'H wherein M is an 
alkaline eanh cation, NT is an alkali metal cation, X and X* are singly 
3 5 negatively charged anion and H is an increased binding energy hydride 
ion or an increased binding energy hydrogen atom. 

The compound may have the formula H n S wherein n is 1 or 2 and 
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the hydrogen content H„ or the compound comprises »| least one 
increased binding energy hydrogen species. 

The compound may have the formula MXX'H„ wherein n is an 
integer from 1 to 5. M is an alkali or alkaline earth cation, X is a singly or 
5 double negatively charged anion. X' is Si. Al, Ni. a transition clement, an 
inner transition element, or a rare earth clement, and the hydrogen 
content H„ of the compound comprises at least one increased binding 
energy hydrogen species. 

The compound may have the formula MA1H„ wherein n is an 
I 0 integer from 1 to 6. M is an alkali or alkaline earth cation and the 

hydrogen content H. of the compound comprises at least one increased 
binding energy hydrogen species. 

_ The compound may l.ave the formula MH„ wherein n is an integer 
from I to 6, M is a transition clement, an inner transition element, a rare 
I 5 earth element, or Ni. and the hydrogen content H. of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MNiH„ wherein n is an 
integer from I to 6. M is an alkali cation, alkaline earth cation, silicon, or 
aluminum, and the hydrogen content H„ of .he compound comprises at 
20 least one increased binding energy hydrogen species. 

The compound may have the formula MXH. wherein n is an integer 
from 1 to 6. M is an alkali cation, alkaline earth cation, silicon, or 
alumicu;,-,. X is a transition elcu.cm, ir.r.c.- transition element, vr a iarc 
earth element cation, and the hydrogen content H. of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MXAIX H„ wherein n is I or 
2. M is an alkali or alkaline earth cation. X and X' are cither a singly 
negatively charged anion or a double negatively charged anion, and the 
hydrogen content H„ of the compound comprises at least one increased 
30 binding energy hydrogen species. 

The compound may hove the formula TiH„ wherein n is an -integer 
from I to 4, and the hydrogen content H. of the compound comprises at 
least one increased binding cneigy hydrogen species. 

The compound may have the formula A1 } H„ wherein n is an integer 
from 1 to 4. and the hydrogen content H. of the compound comprises al 
least one increased binding energy hydrogen species. 
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The compound may have ihc formula \K)l„KCO : \ wherein m and n 
arc ench an integer and ihc hydrogen content H m of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have the formula [KH^KNQ^ nX~ wherein m 

5 and n are each an integer, X is a singly negatively charged anion, and the 
hydrogen content H m of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula [KHKNO^ wherein n is an 

integer and the hydrogen content H of the compound comprises at least 

1 0 one increased binding energy hydrogen species. 

The compound may have the formula iKitKOH}^ wherein n is an 

integer and the hydrogen content H of the compound comprises ai least 
one increased binding energy hydrogen species. 

The compound including an anion or cation may have the formula 
J 5 [MH m kf X]^ wherein m and n are each an integer. M and M' are each an 

alkali or alkaline earth cation. X is a singly or double negatively charged 
anion, and the hydrogen content H m of ihc compound comprises at least 

one increased binding energy hydrogen species. 

The compound including an anion or cation may have the formula 

2 0 [MH^M X'] m nX wherein m and n are each an integer. M and JvT are each 

an alkali or alkaline earth caiion, X and X" arc a singly or double 
negatively charged anion, and the hydrogen concent H m of the compound 

comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MXSiX'H n wherein n is I or 2, 

2 5 M is an alkali or alkaline eaith cation. X and X r are either a singly 

negatively charged anion or a double negatively charged anion, and the 
hydrogen content H„ of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have ihc formula MSiH n wherein n is an 

3 0 integer from 1 to 6. M is an alkali or alkaline earth caiion, and the 

hydrogen content H„ of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula Si n H,, 0 wherein n is an 
integer and the hydrogen content H 4 o of ihe compound comprises at leasi 
3 5 one increased binding energy hydrogen species. 

The compound may have (he formula Si n Hj rt wherein n is an 
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integer and the hydrogen content H 3 „ of the compound comprises at least 
one increased binding energy hydrogen species. 

The compound may have the formula Si n fl 3n O m wherein n and m 
arc integers and the hydrogen content H>„ of the compound comprises at 
5 least one increased binding energy hydrogen species. 

The compound may have the formula Si\H Umft O v wherein x and y 
are each an integer and the hydrogen content H 4x -2y of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have Ihe formula wherein x and y are 

1 0 each an integer and the hydrogen content H, t of the compound comprises 
at least one increased binding energy hydrogen species. 

The compound may have the formula Si m H Jm H : 0 wherein n is an 
integer and the hydrogen content H 4fl of the compound comprises at least 
one increased binding energy hydrogen species. 

1 5 The compound may have the formula Si m H M wherein n is an 

integer and the hydrogen content Il 2n0 of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula Si t ff :%4} 0 % wherein x and y are 
each an integer and the hydrogen content H 2x0 of the compound 

2 0 comprises at least one increased binding energy hydrogen species. 

The compound may have the formula SiJ* 4 „->0 wherein n is an 
integer and the hydrogen content H 4 « 2 of the compound comprises at 
icas; one increased biimirig energy hydrogen species. 

The compound may have the formula MSi 4 Ji t0m O M wherein n is an 

2 5 integer, M is an alkali or alkaline earth cation, and the hydrogen content 

H 10ll of the compound comprises at least one increased binding energy 
hydrogen species. 

The compound may have the formula MSi 4 J{ t ^O mtt wherein n is an 
integer. M is an alkali or alkaline earth cation, and the hydrogen content 

3 0 H IOn of the compound comprises at least one increased binding enersy 

hydrogen species. 

The compound may have the formula M 9 Si m HJ} wherein q. n. m. 
and p are integers. M is an alkali or alkaline earth cation, and Ihe 
hydrogen content H„ of the compound comprises at least one increased 
3 5 binding energy hydrogen species. 

The compound may have the formula M 9 Si m H m wherein q> n, and m 
are integers. M is an alkali or alkaline eanh cation, and the hydrogen 
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content Jf m of the compound comprises at least one increased binding 
energy hydrogen species. 

The compound may have the formula Si m H m O, wherein n. rn, and p 
are integers, and the hydrogen content H m of the compound comprises at 
5 least one increased binding energy hydrogen species. 

The compound may have the formula Si m H tH wherein n, and m arc 
integers, and the hydrogen content H m of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula MSiH n wherein n is an 

1 0 integer from 1 to 8, M is an alkali or alkaline earth cation, and the 

hydrogen content H„ of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula Si^H,, wherein n is an integer 
from 1 to 8, and the hydrogen content H n of the compound comprises at 
15 least one increased binding energy hydrogen species. 

The compound may have the formula SiH n wherein n is an integer 
from I to 8, and the hydrogen content H n of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula Si0 3 H n wherein n is an 

2 0 integer from I to 6 V and the hydrogen content l) n of the compound 

comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MSi0 2 H n wherein n is an 
i-!cgcr frojn ! to 6, M is - alkal; or alkaline car:h cation, and ihe 
hydrogen content H a of the compound comprises at least one increased 

2 5 binding energy hydrogen species. 

The compound may have the formula MSi 2 H n wherein n is an 
integer from 1 to 14. M is an alkali or alkaline earth cation, and the 
hydrogen content )\ 0 0 f the compound comprises at least one increased 
binding energy hydrogen species. 
30 The compound may have the formula M?SiH„ wherein n is an 

integer from I to 8,-M is an alkali or alkaline earth cation, and the 
hydrogen content H R of the compound comprises at least one increased 
binding energy hydrogen species. 

In MHX, M,HX. M 7 Xl%. M,X 2 H.. M 2 X>H. M 2 XX'H, MM'XH,, MM'XX'H, 

3 5 MXX'H 0 . MXA!X'H m the singly negatively charged anion may be a halogen 

ion, hydroxide ion, hydrogen carbonate ion, or nitrate ion. 
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•n MUX. M,XH„. M? XX H. MM'XH, MXX'H,, MXAIX'H,,. .he double 
negauvely charged anion m ay be a carbona.c ion, oxide, or sulfate ion. 
In MXS.X !!„. MS.H.. S,„H 4o . Si n H Jn . Si n H J(l0l , Si.H„ „<>„ Si H 4 O 

^'^u'n'''' m " A ' Si " H> -' 0 ' MSi * H '"°" MSi *"«a«- "MO,. 

W>,. Si,H m . MSill n> Si,H n . SiH„, SiO,H n . MSi0 2 H n , MSi 2 H 0 . M 2 Si!I B . 

.he observed characteristics such as s.oichiometry, thermal stability 
and/o, reactmty such as reactivity with oxygen are different from that 
of .he corresponding ordinary compound wherein the hydrosen content 
.s only ordinary hydrogen H. The unique observed characteristics are 
dependent on the increased binding energy of the hydrogen species 

Applications of (he compounds include use in batteries, fuel cells 
cuu.ng materials, light weigh, high strcnglh slroc , ural maleriaIs aj)(J ' 
syn.hc.ic fibers, cathodes for thermionic generators, pho.oh.minescen, 
compounds, corrosion resistant coatings, heat resistant coatino S 
phosphors for lighting, optical coatings, op.ical fi| lers . extreme "ultraviolet 
laser media, fiber opt.c cables, magnets and magne.ic computer storage 
media, and c.clnng agents, masking agents, dopan.s in semiconductor 
fabncat.on. fuels, explosives, and propellan.s. Increased binding energy 
hydrogen compounds are useful in chemical synthetic processino 
me.hods and refining methods. The increased b.nding energy hydrogen 
•on has appl.ca.ion as the nega.ive ion of .he electrolyte of a hioh voltaic 
elec.roly.ic cell. The selectivity of increased binding energy hydrogen ° 
spcc;cs ;r. Jormijig bonds wiih specific Scopes provides a means 10 
purify desired isoiopes or elements. 

According to another aspect of .he invention, dihydiinos are 
produced by reacting protons with hydrino hydride ions, or" by the 
thermal decomposition or hydrino hydride ions, or by the thermal or 
chemical decomposition or increased binding energy hydrosen 
compounds. 

A method is provided for preparing a compound comprising at 
leas, one increased binding energy hydride ion. Such compounds are 
hcrcnaf.c, referred to as "hydrino hydride compounds". The method 
comprises reacting atomic hydrogen with a catalyst having a net 
enthalpy of reaction of about ^-27 eV, whe.e m is an integer greater than 
I. preferably an integer less .han 400, to produce an increased binding 
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energy hydrogen atom having a binding energy of about — where p 

(;) 

is an integer, preferably an integer from 2 to 200. The increased binding 
energy hydrogen atom is reacted with an electron, to produce an 
increased binding energy hydride ion. The increased binding energy 
5 hydride ion is reacted with one or more cations lo produce a compound 
comprising at least one increased binding energy hydride ion. 

The invention is also directed to a reactor for producing increased 
binding energy hydrogen compounds of the invention, such as hydrino 
hydride compounds. Such a reactor is hereinafter referred to as a 
10 "hydrino hydride reactor". The hydrino hydride reactor comprises a cell 
for making hydrinos and an electron source. The renctor produces 
hydride ions having the binding energy of Eq. (7). The cell for making 
hydrinos may take the form of an electrolytic cell, a gas cell, a gas 
discharge cell, or a plasma torch cell, for example. Each of these cells 

1 5 comprises: a source of atomic hydrogen; at least one of a solid, molten. 

liquid, or gaseous catalyst for making hydrinos; and a vessel for reacting 
hydrogen and the catalyst for making hydrinos. As used herein and as 
contemplated by the subject invention, the term 'hydrogen*, unless 
specified otherwise, includes not only protium (W). but also deuterium 

2 0 and tritium. Electrons from the electron source contact the hydrinos and 

re2d !o form hydrrno hydride :cns. 

The reactors described herein as "hydrino hydride reactors" are 
capable of producing not only hydrino hydride ions and compounds, but 
also the other increased binding energy hydrogen compounds of the 

2 5 present invention. Hence, the designation "hydrino hydride reactors" 

should not be understood as being limiting with respect to the nature of 
the increased binding energy hydrogen compound produced. 

In the electrolytic cell, hydrinos are reduced (i.e. gain an electron) 
to form hydrino hydride ions by contacting any of the following I.) a 

3 0 cathode, 2.) a reductant which comprises the cell. 3.) any of the reactor 

components, or 4.) a reductant extraneous to the operation of the cell (i.e. 
a consumable reductant added to the cell from an outside source) (items 
2.-4. are hereinafter, collectively referred to as "the hydrino reducing 
reagent"). In the gas cell, the hydrinos are reduced to hydrino hydride 
3 5 ions by the hydrino reducing reagent. In the gas discharge cell, the 
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hydrinos arc reduced io hydrino hydride ions by !.) contacting ihe 
caihode; 2.) reduclion by plasma electrons, or 3.) co.unc.ing the hydrino 
reducing reagent. In the plasma torch cell, the hydrinos are reduced to 
hydrino hydride ions by I.) reduction by plasma electrons, or 2.) 
contacting the hydrino reducing reagent. In one embodiment, the 
electron source comprising the hydrino hydride ion reducing reagent is 
effective only in the presence of hydrino atoms. 

According to one aspect of the present invention, novel compounds 
are formed from hydrino hydride ions and cations. In the electrolytic 
cell, the cation may be either an oxidized species of the material of the 
cell cathode or anode, a caiion of an added reductant. or a cation of the 
electrolyte (such as a caiion comprising the catalyst). The caiion of the 
electrolyte may be a caiion of the catalyst. In the gas cell, the cation is 
an oxidized species of the material of the cell, a cation comprising the 
15 molecular hydrogen dissociation material which produces atomic" 

hydrogen, a cation comprising an added reductant. or a cation present in 
the cell (such as a cation comprising ihe catalyst). In the discharge cell 
the cation is cither an oxidized species of Ihc material of the caihode or 
anode, a caiion of an added rcductam. or a caiion present in the cell 

2 0 (such as a caiion comprising the catalyst). In the plasma torch cell, the 
cation ,s cither an oxidized species of the material of the cell, a caiion of 
an added reductant. or a caiion present in ihe cell (such as a caiion 
comprising ;!-.c ca;r.!ys;). 

A baitery is provided comprising a caihode and caihode 
compartment containing an oxidant; an anode and an anode compartment 
containing a reductant, and a salt bridge completing a circuit between the 
cathode and anode compartments. Increased binding energy hydrogen 
compounds may serve as oxidants of the battery cathode half reaction. 
The oxidant may be an increased binding energy hydrogen compound. A 

3 0 cation M" (where „ is an integer) bound to a hydrino hydride ion such 

that the binding energy of the cation or atom M'"""' is less than the 
binding energy of the hydrino hydride ion may serve as ihc 

oxidant. Alternatively, a hydrino hydride ion may be selected for n 
given cation such thai the hydrino hydride ion is not oxidized by the 
3 5 cation. Thus. ,hc oxidant M" H comprises a cation M'\ where 
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an integer and ihe hydrino hydride ion // w bere p is an integer 

greater than K that is selected such that its binding energy is greater 
than that cf Atf c *" ,, \ By selecting a stable cation-hydrino hydride anion 
compound, a battery oxidant is provided wherein the reduction potential 
5 is determined by the binding energies of the cation and anion of ihc 
oxidant. 

The battery oxidant may be, for example, an increased binding 
energy hydrogen compound comprising a dihydrino molecular ion bound 
to a hydrino hydride ion such that the binding energy of the reduced 

J 0 dihydrino molecular ion, the dihydrino molecule //, is less 



than the binding energy of the hydrino hydride ion H i — J. One such 



oxidant is the compound H\ 



2c // 



{)///) where p of the dihydrino 



molecular ion is 2 and p of the hydrino hydride ion is 13, 14, 15. 16. 17, 
18, or 19. Alternatively, in the case of He 1 ' (H'{\ I p)\ or Fe 4 ' (H~(\ I p)) t > p 

1 5 of the hydrino hydride ion may be II to 20 because the binding energy 

of He* and Fe u is 54.4 cV and 54.8 cV, respectively. Thus r in the case of 
He** t p)\* the hydride ion is selected to have a higher binding 

energy than He* (54.4 cV). In the case of fV* (/T(l //>)) the hydride ion 

is selected to have a higher binding energy than Fc* m (54.8 cV). 

2 0 In one embodiment of the battery, hydrino hydride ions complete 

the circuit during battery operation by migrating from the cathode 
compartment to the anode compartment through a salt bridge. The salt 
bridge may comprise an anion conducting membrane and/or an anion 
conductor. The bridge may comprise, for example, an anion conducting 

2 5 membrane and/or an anion conductor. The salt bridge may be formed of 

a zeolite, a Janlhanide boride (such as MB^ where M is a lanthanide), or 
an alkaline earth boride (such as MB^ where M is an alkaline earth) 

which is selective as an anion conductor based on the small size of the 
hydrino hydride anion. 

3 0 The battery is optionally made rechargeable. According to an 

embodiment of a rechargeable battery, a cathode compartment contains 
reduced oxidant and a anode compartment contains an oxidized 
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reducianl. The battery further comprises an ion such as (he hydrino 
hydride ion which migrates lo complete ihe circuit. To permit the 
battery to be recharged, the oxidant comprising increased binding energy 
hydrogen compounds must be capable of being generated by the 
application of a proper voltage lo the battery to yield ihe desired 
oxidant. A reprcseniaiive proper voltage is from about one volt to about 
100 volts. The oxidant M" w fij comprises a desired caiion formed at a 

desired voltage, selected such that the n-ih ionization energy JP m to form 
the cation M" from Af<~"\ where n is an integer, is less than the binding 
energy of the hydrino hydride ion n U\ where p is an integer o fcater 
lhan I. 

The reduced oxidant may be. for example, iron metal, and the 
oxidized rcdoctant having a source of hydrino hydride ions may be. for 
example, potassium hydrino hydride {K'H (l/p)). The application of a 
proper voltage oxidizes the reduced oxidant (f,) to U, c desired oxidation 
state (/•>*•) , 0 form the oxidant ( Ft" (// () I P )\ where p of the hydrino 
hydride ion is an inieger from II to 20). The application of ihe proper 
voltage also reduces the oxidized reductant </T) to ihe desired oxidation 
slate (/Q to foim ihe icductant (potassium metal). The hydrino hydride 
ions complete the circuit by migraling from the anode compartment to 
the cathode compiriiVrtiii iiiiwugh i; K ^li bridge. 

In an embodiment of the battery, the cathode compartment 
functions as the cathode. 

Increased binding energy hydrogen compounds providing a hydrino 
hydride .on may be used to synthesize desired compositions of matter by 
electrolysis. The hydrino hydride ion may serve as Ihe negaiive ion of 
the electrolyte of a high voltage elecirolytic cell. The desired compounds 
such as Ztntl phase silicides and silancs may be synthesized using 
electrolysis wiihout the decomposition or the anion, electrolyte, or the 
electrolytic solution The hydrino hydride ion binding energy is greater 
lhan any ordinary species formed during operation of the cell. The cell is 
operated at a desired voltage which forms the desired product without 
decomposition of the hydrino hydride ion. In ihe case that the desired 
product is cation M" (where „ is an inieger). the hydrino hydride ion 
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W Vp) ' S SeiCCICl, S " cl) !hnt its b ' ndil *S e » e rgy is greater than that of 



A* 



The desired cations formed at ihc desired voliagc may be selected 
such that the n th ionization energy !P a \o form the cation M"* from M {m l) * 

(where n is an integef) is less than the binding energy of the hydrino 
5 hydride ion H Alternatively, a hydrino hydride ion may be selected 

for the desired cation such that it is not oxidized by the cation. For 
example, in the case of ih u or Fe 4 \ p of the hydrino hydride ion may be 
11 to 20 because the binding energy of He and Fe** is 54,4 cV and 54.8 
cV, respectively. Thus, in the case of a desired compound He'* (//' (l / p)) j% 

10 the hydride ion is selected to have a higher binding energy than He' (54.4 
eVJu In the case of a desired compound F< Xt (//"(I / p)) the hydride ion is 
selected to have a higher binding energy than fV v (54.8 eV). The 
hydrino hydride ion is selected such that the electrolyte docs not 
decompose during operation to generate the desired product. 

* $ A f uc l cell of the present invention comprises a source of oxidant, a 

cathode coniaiucd in a cathode compartment in communication with the 
source of oxidant, an anode in an anode compartment, and a salt bridge 
completing a circuit between the cathode and anode compartments. The 
oxidant may be hydrinos from the oxidant source. The hydrinos react to 

7 0 form hydrino hydride ions as a cathode half reaction. Increased binding 
energy hydrogen compounds may provide hydrinos. The hydrinos may 
be supplied to the cathode from the oxidant source by thermally or 
chemically decomposing increased binding energy hydrogen compounds. 
Alternatively, the source of oxidant may be an electrolytic cell, gas cell, 

2 5 gas discharge cell, or plasma torch cell hydrino hydride reactor of the 

present invention. An alternative oxidant of the fuel cell comprises 
increased binding energy hydrogen compounds. For example, a cation 
AT* (where n is an integer) bound to a hydrino hydride ion such thai the 
binding energy of the cation or atom is less than the binding 

3 0 energy of the hydrino hydride ion H may serve as the oxidant. The 

source of oxidant, such as AT' ma y be an electrolytic cell, gas cell, 

gas discharge cell, or plasma torch cell hydrino hydride reactor of the 
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present invention. 

In an embodiment of ,hc fuel cell, .he cathode compartment 
functions as the cathode. 

According to another embodiment of .he invention, a fuel is 
provided comprising a. leas, one increased binding energy hydros,, 
compound. * 

According to ano.her aspect of the invention, energy , s released by 
he thermal decomposition or chemical reae.ion of a, least one of the 
o low.ng reactan.s: (,) inc , eascd binding energy hydrogen compound; 
(2) hydr.no; or (3) dihydrino. The decomposition or chemical reaction 
produces a. least one of (a) increased binding energy hydrogen 
compound with a different stoicbiome.ry than the reac.an.s, (b) an 
".creased bin<,i »S c ' ,e 'gy hydmgen compound having the same 
s.o.ch.omc.ry comprising one or more increased binding energy species 
•hat have a higher binding energy ,han ,he corresponding species of ,he 
reac,n„,(s). < c ) hydr.no. (d) dihydrino hav.n* a higher binding energy 
«han the reac.an. dihydrino. or <c) hydrino having a higher bindino 
energy ,ha„ the reactan, hydrmo. Exemplary mcreascd binding cLrry 
hydrogen compounds as reactan.s and products include .hose given in 
he Eapenmcn.al Sec.on and the Addi.ionai Increased Binding Energy 
Compounds Seciion. 

Another embodiment of the invenl.on is an increased bind.no 
— gy hydrogen compound containing a hyd.idc iu„ with a binding 
energy of about 0.65 cV. 

Another embodiment of .he inven.ion is a method for producing a 
compound containing the hydride ion hav )ng a binding energy of about 
065 eV ,s provKled. The method composes suppiy )ng lnC reased binding 
energy hydrogen atoms and reacting the increased b.nd.n- eneroy 
hydrogen atoms with a firs, reductant. .hereby forming aMcas, 'one 
stable hydnde ion having a bind.ng energy greater .ban 0.8 cV and a, 
least one non-react.ve atomic hydrogen. The method further comprises 
collectmg the non-reacive a.omic hydrogen and reac.ing the „on- 

rbThvT o, , nic hydrogen wi,h a scc ° nd rcduc,am - ,hereb * fonni-« 

bou oTl T " ,C,Uding bydridC ,0 " " avi ^ 3 ^ -e.gy of 
bo « 0.65 eV . The f.rs, reduc.an, may have a high work function or a 

posmve free energy 0 f reaction w.th .he nonreactivc hydrogen. The firs, 
reductan, may be a metal, o.her than an a, ka „ or al J inc earth metal. 
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such as tungsten. The second rcductant may comprise a plasma or an 
alkali or alkaline earth metal. 

* 

Another embodiment of the invention is a method for Ihe explosive 
release of energy. An increased binding energy hydrogen compound 

) containing a hydride ion having a binding energy of about 0.65 eV t is 
reacted with a proton to produce molecular hydrogen having a first 
binding energy of about 8.928 cV. The proton may be supplied by an 
acid or a super-acid. The acid or super acid may comprise, for example, 
HF, HQ, H]S0 4 , UNO,, the reaction product of HF and SbF s , (he reaction 

0 product of HCI and AI 2 C1 6 , the reaction product of H ? S0 3 F and SbF 5 , the 
reaction product of H ? S0 4 and SO?, and combinations thereof. The 
reaction of the acid or supcr-acid proton may be initialed by rapid 
mixing the hydride ion or hydride ion compound with the acid or super- 
acid. The rapid mixing may be achieved, for example, by detonation of a 

5 conventional explosive proximal to the hydride ion or hydride ion 
compound and the acid or super acid. 

Another embodiment of the invention is a method for the explosive 
release of energy comprising thermally decomposing an increased 
binding energy hydrogen compound containing a hydride ion having a 

0 binding energy of about 0.65 cV. The decomposition of the compound 
produces a hydrogen molecule having a first binding energy of about 
8,928 eV. The thermal decomposition may be achieved, for example, by 

„ vwh » V.JIUVHUI va|viv/^j*c pHMjiiKti i\j me iiyui'iuc ion 
compound. The thermal decomposition may also be achieved by 

5 percussion heating of the hydride ion compound. The percussion heating 
may be achieved, for example, by colliding a projectile lipped with the 
hydride ion compound under conditions resulting in detonation upon 
impact. 

Another application of the increased binding energy hydrogen 
0 compounds is as a dopant in the fabrication of a thermionic cathode with 
a different preferably higher voltage than the starting material. For 
example, the starting material may be tungsten, molybdenum, or oxides 
thereof. In a preferred embodiment of a doped thermionic cathode, the 
dopant is hydrino hydride ion. Materials such as metals may be doped 
5 with hydrino hydride ions by ion implantation, epitaxy, or vacuum 

deposition to form a superior thermionic cathode. The specific p hydrino 
hydride ion (H~(n-\/p) where p is an integer) may be selected io 
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provide ihc desired property such as voltage following doping. 

Anoihcr application or the increased binding c „ C rgy hydro«en 
compounds is as a dopanl or dopani component i„ ,|,e fabrication'of 
doped senuconduciors each with an altered band gap relative to the 
starting material. For example, the starting material may be an ord.nary 
semiconductor, an ordinary doped semiconductor, or an ordinary dopant 
such as silicon, germanium, gallium, indium, arsenic, phosphorous 
antimony, boron, aluminum. Group III elements. Group IV elements or 
Group V elements. In a preferred embodiment of the doped 
semiconductor, the dopant or dopant component is hydrino hydride ion 
Materials such as silicon may be doped with hydrino hydride ions by ion 
implantanon, epitaxy. or vacuum deposition to form a superior doped 
semiconductor. The specific P hydrino hydride ion (// („ = x, p ) where P 
«s an integer) may be selected to provide the desired property such as 
band gap following doping. 

A method of isotope separation composes the step of rcactin" an 
clement or compound having an iso.opic mixture containing the desired 
element with an increased binding energy hydrogen species in shor.aoc 
J he bond energy of the reaction product is dependent on the isotope of 
the desired element. Thus, the reaction forms predominantly a new 
compound containing the desired element which is enriched in the 
des.rcd isotope and at least one increased binding energy hydrogen 
spcc;cs. Or, the reaction forms predominantly a new compound 
containing the desired element which is enriched in the undesircd 
isotope and at least one increased bind.ng energy hydrogen species. The 
compound comprising at least one increased binding energy hydrogen 
species and the desired iso.opically enriched clement is purified. This is 
■be means to obtain the enriched isotope of the element. Or. the 
compound comprising at least one increased binding energy hydroeen 
species and the undesircd isoiopically enriched element is removed" to 
obtain the desired enriched isotope of the element. 

A method of separating isotopes of an element comprises: 

reacting an increased binding energy hydrogen species with an 
elemental iso.op.c mixture comprising a molar excess of a desired isotope 
with respect to the increased bind.ng energy hydrogen species to form a 
compound enriched in the desired isotope, and 

puiifying said compound enriched in the desired isoiope. 
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A method of separating isotopes of an clement present in one more 
compounds comprises: 

reacting an increased binding energy hydrogen species with 
compounds comprising an isotopic mixture which comprises a molar excess 
5 of a desired isotope with respect to the increased binding energy hydrogen 
species to form a compound enriched in the desired isotope, and 

purifying said compound enriched in the desired isoiopc. 
A method of separating isotopes of an clement comprises: 

reacting an increased binding energy hydrogen species with an 
10 elemental isotopic mixture comprising a molar excess of an undesired 

isotope with respect to the increased binding energy hydrogen species to 
form a compound enriched in the undesired isotope, and 

removing said compound enriched in the undesired isotope. 
A method of separating isotopes of an element present in one more 
\ 5 compounds comprises: 

reacting an increased binding energy hydrogen species with 
compounds composing an isotopic mixture which comprises a molar excess 
of an undesired isotope with respect to the increased binding energy 
hydrogen species to form a compound enriched in the undesired isotope 
2 0 and 

removing said compound enriched in the undesired isotope. 
In one embodiment of the method of separating isotopes, the 

uiAuiftg cneigy uydiu^en species is a hydrino hydride jou. 
Other objects, features, and characteristics of the present invention. 

2 5 as well as the methods of operation and the functions of the related 

elements, will become apparent upon consideration of the following 
description and the appended claims with reference to the accompanying 
drawings, all of which form a part of this specification, wherein like 
reference numerals designate corresponding pans in the various fmires 

3 0 * 

ULJmiEFJDESC RlPTlDN OF THE ORAWfMr:^ - 
FIGURE 1 is a schematic drawing of a hydride reactor in accordance 
with the present invention; 

FIGURE 2 is a schematic drawing of an electrolytic cell hydride reactor 
3 5 in accordance with the present invention; 

FIGURE 3 is a schematic drawing of a gas cell hydride reactor in 
accordance with the present invention; 
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F IGURE 4 is a schematic drawing of an experimental gas cell hydride 
reactor in accordance with the present invention; 

FIGURE 5 is a schematic drawing of a gas discharge cell hydride 
reactor in accordance with the present invention; 
5 FIGURE 6 is a schematic of an experimental gas discharge cell hydride 

reactor in accordance with the present invention; 

FIGURE 7 is a schematic drawing of a plasma torch cell hydride reactor 
in accordance with the present invention; 

FIGURE 8 is a schematic drawing of another plasma torch cell hydride 
1 0 reactor in accordance with the present invention; 

FIGURE 9 is a schematic drawing of a fuel cell in accordance with the 
present invention; 

J-1GURE 9A is a schematic drawing of a battery in accordance with the 
present invention; 

1 5 FIGURE 10 is the 0 to 1200 eV binding energy region of an X-ray 

Photoelectron Spectrum (XPS) of a control glassy carbon rod; 

FIGURE II is the survey spectrum of a glassy carbon rod cathode 
following electrolysis of a 0.5/M K,CO y electrolyte (sample tfl) with the 
primary elements identified; 

2 0 FIGURE 12 is the low binding energy range (0-285 eV) of a glassy 

carbon rod cathode following electrolysis of a 0.57A* K } CO x electrolyte 
(sample ffl); 

• i Vivian i*> ji> mc jj io *kj ev uiiiujng energy region of an X-ray 
Photoetectron Spectrum (XPS) of a glassy carbon rod cathode following 

2 5 electrolysis of a 0.57A* K,CO } electrolyte (sample tfl); 

FIGURE 14 is the 0 to 70 eV binding energy region of a high resolution 
X-ray Photoelcciron Spectrum (XPS) of a glassy carbon rod cathode 
following electrolysis of a 0.57M K 2 CO % electrolyte (sample »2); 

FIGURE 15 is the 0 to 70 eV binding energy region of a high resolution 
30 X-ray Photoetectron Spectrum (XPS) of a glassy carbon rod cathode 

following electrolysis of a 0.57A* K } CO, electrolyte and storage for three 
months (sample #3); 

FIGURE 16 is the survey spectrum of crystals prepared by filtering the 
electrolyte from the K } C0 S electrolytic cell that produced 6.3 X 10* J of 

3 5 enthalpy of formation of increased binding energy hydrogen compounds 

(sample JM) with the primary elements identified; 

FIGURE 17 is the 0 to 75 eV binding energy region of a high resolution 
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X-ray Phoioelcctron Spectrum (XPS) of crystals prepared by filtering the 
electrolyte from the K 2 CO } electrolytic cell that produced 6.3X10*./ of 

enthalpy of formation of increased binding energy hydrogen compounds 
(sample #4); 

5 FIGURE 18 is the survey spectrum of crystals prepared by acidifying 
the electrolyte from the K^CO, electrolytic cell that produced 63X10* J of 
enthalpy of formation of increased binding energy hydrogen compounds, 
and concentrating the acidified solution until crystals formed on standing 
at room icmperaturc (sample tf5) with the primary elements identified; 
1 0 FIGURE 19 is the 0 to 75 eV binding energy region of a high resolution 
X-ray Photoclcctron Spectrum (XPS) of crystals prepared by acidifying 
the electrolyte from the K 7 CO y electrolytic cell that produced 6.3X10' J of 
enthalpy of formation of increased binding energy hydrogen compounds, 
and concentrating the acidified solution until crystals formed on standing 

1 5 at room temperature (sample «5): 

FIGURE 20 is the survey spectrum of crystals prepared by 
concentrating the electrolyte from a A\C0 3 clecirolytic cell operated by 
Thermacore, Inc. until a precipitate just formed (sample #6) wiih the 
primary elements identified; 

2 0 FIGURE 21 is the 0 to 75 eV binding energy region of a high resolution 

X-ray Photoeleciron Spectrum (XPS) of crystals prepared by 
concentrating the electrolyte from a K>CO> clecirolytic cell operated by 
i ncimacuic, inc. uniit a precipitate just formed {sample ffb) with the 
primary elements identified; 

2 5 FIGURE 22 is the superposition of the 0 to 75 eV binding energy 

region of the high resolution X-ray Photoeleciron Spectrum (XPS) of 
sample sample #5, sample #6, and sample 07; 

FIGURE 23 is the stacked high resolution X-ray Photoclcctron Spectra 
(XPS) (0 to 75 eV binding energy region) in the order from bottom to top 

3 0 of sample «8. sample H9, and sample 09A; 

FIGURE 24 is the mass spectrum (m U = 0- ! 10) of the vapors from the 
crystals from the electrolyte of the KXO y electrolytic cell hydrino 
hydride reactor that was made 1 M in UNO s and acidified with UNO, 
(electrolytic cell sample #3) with a sample heater temperature of 200 *C; 
3 5 FIGURE 25A is the mass spectrum (/*/*- 0-1 10) of the vapors from 
the crystals filtered from the electrolyte of the K 7 CO y electrolytic cell 
bydrino hydride reactor (electrolytic cell sample fM) with a sample 
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healer temperature of 185 °C; 

FIGURE 25B is ihe mass spectrum (m /e = 0- 1 10) of the vapors from the 
crystals filiered from the electrolyte of the K,CO, electrolytic cell hydrino 
hydride reactor (electrolytic cell sample 04) with a sample heater 
5 temperature of 225 °C, 

FIGURE 25C is the mass spectrum ( w /e = 0-200) of the vapors from the 
crystals filiered from the electrolyte of the K 7 CO, electrolytic cell hydrino 
hydride reactor (electrolytic cell sample #4) with a sample heater 
temperature of 234 *C with the assignments of major component hydrino 
1 0 hydride silane compounds and silane fragment peaks; 

FIGURE 25D is the mass spectrum (mfe = 0-200) of the vapors from 
the crystals filiered from the electrolyte of the K,CO, electrolytic cell 
hydrino hydride reactor (electrolytic cell sample #4) with a sample 
heater temperature of 249 °C with the assignments of major component 

1 5 hydrino hydride silane and siloxane compounds and silane fragment 

peaks; 

FIGURE 26 A is the mass spectrum (f»/t»0-M0) of the vapors from 
the yellow-white crystals that formed on the outer edge of a 
crystallization dish from the acidified electrolyte of the K,CO y electrolytic 

2 0 cell operated by Thcrmacore, Inc. that produced 1.6X10*7 of enthalpy of 

formation of increased binding energy hydrogen compounds (electrolytic 
cell sample #5) with a sample heater temperature of 220 °C, 

FIGURE 26B is the mass spectrum im/<r = 0-ii0) of the vapors from the 
yellow-white crystals that formed on the outer edge of a crystallization 
dish from the acidified electrolyte of the XjCO, electrolytic cell operated 
by Therrnacore. Inc. that produced 1.6 XlO 9 / of enthalpy of formation of 
increased binding energy hydrogen compounds (electrolytic cell sample 
ttS) with a sample healer temperature of 275 °C; 

FIGURE 26C is the mass spectrum (mfe = 0- 1 10) of the vapors from the 

3 0 yellow-white crystals that formed on the outer edge of a crystallization 

dish from the acidified electrolyte of the K,CO> electrolytic cell operated 
by Thcrmacore, Inc. that produced 1.6X10* J of enthalpy of formation of 
increased binding energy hydrogen compounds (electrolytic cell sample 
#6) with a sample heater temperature of 212 °C; 
3 5 FIGURE 26D is the mass spectrum {mfe = 0- 200) of the vapors from 
the yellow-white crystals that formed on the outer edge of a 
crystallization dish from the acidified electrolyte of the K 7 CO, electrolytic 
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cell operated by Thcrmacore, Inc. that produced 1.6X10'/ of enthalpy of 
formation of increased binding energy hydrogen compounds (electrolytic 
cell sample //6) with a sample healer temperature of 147 °C with (he 
assignments of major component hydrino hydride si fane compounds and 
5 silanc fragment peaks; 

FIGURE 27 is the mass spectrum (ml * = 0-110) of the vapors from the 
cryopumped crystals isolated from the 40 V C cap of a gas cell hydrino 
hydride reactor comprising a Kl catalyst, stainless steel filament leads, 
and a W filament (gas cell sample H\) with the sample dynamically 

1 0 heated from 90 °C lo 120 °C while the scan was being obtained in the 

mass range m/rzz 75- 100; 

FIGURE 28A is the mass spectrum (»i/> = 0-H0) of the sample shown 
>n ^FIGURE 27 with the succeeding repeat scan where the total time of 
each scan was 75 seconds; 
15 FIGURE 28B is the mass spectrum (m /<- = ()-] to) of the sample shown 
jn FIGURE 27 scanned 4 minutes later wiih a sample temperature of 200 

HGURE 29 is the mass spectrum (/»/*= 0~ J 10) of the vapors from the 
cryopumped crystals isolated from the 40 P C cap of a gas cell hydrino 

2 0 hydride reactor comprising a Kl catalyst, stainless steel filament leads. 

and a W filament (gas cell sample «2) with a sample temperature of 225 

<C; 

FIGURE 3GA is the mass spectrum (m/> = u-20uj o! the vapors from 
the crystals prepared from a dark colored band at the top of a gas cell 

2 5 hydrino hydride reactor comprising a Kl catalyst, stainless steel filament 

leads, and a W filament (gas cell sample tf3A) with a sample heater 
temperature of 253 °C with the assignments of major component hydrino 
hydride silane compounds and silane fragment peaks; 

FIGURE 30B is the mass spectrum (w/r = 0-200) of the vapors from 

3 0 the crystals prepared from a dark colored band at the top of a gas cell 

hydrino hydride reactor comprising a Kl catalyst, siainlcss steel filament 
leads, and a W filament (gas cell sample 33B) wiih a sample heater 
temperature of 216 X with the assignments of major component hydrino 
hydride silanc and siloxane compounds and silane fragment peaks; 
3 5 FIGURE 31 is the mass spectrum (m/^0-200) of the vapors from 
pure crystals of iodine obtained immediately following the spectrum 
shown in FIGURES 30A and 30B; 
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FIGURE 32 is the mass spectrum (w/c=0-no) of the vapors from the 
crystals from the body of a gas cell hydrino hydride reactor comprising a 
Kt catalyst, stainless steel filament leads, and a W filament (gas cell 
sample #4) with a sample heater temperature of 226 °C; 

5 FIGURE 33 is ihc 0 to 75 cV binding energy region of a high resolution 

X-ray Phoioelcctron Spectrum (XPS) of rcoyslallized crystals prepared 
from the gas ceil hydrino hydride reactor comprising a Kl catalyst, 
stainless steel filament leads, and a W filament {gas cell sample 114) 
corresponding to the mass spectrum shown in FIGURE 32; 

10 FIGURE 34 A is the mass spectrum (m/c = 0-110) of the vapors from 

the cryopurnped crystals isolated from the 40 °C cap of a gas cell hydrino 
hydride reactor comprising a Rbl catalyst, stainless steel filament leads, 
and a W filament (gas cell sample ft 5) with a sample temperature of 205 
? 

1 5 FIGURE 34B is the mass spectrum (m/«-*= 0-200) of the vapors from 

the cryopurnped crystals isolated from the 40 °C cap of a gas cell hydrino 
hydride reactor comprising a Rbl catalyst, stainless steel filament leads, 
and a IV filament (gas cell sample II 5) wiih a sample temperature of 201 
°C with the assignments of major component hydrino hydride silane and 

2 0 siloxane compounds and silane fragments; 

FIGURE 34C is the mass spectrum (/«/ t ~ 0- 200) of the vapors from the 
cryopurnped crystals isolated from the 40 °C cap of a gas cell hydrino 
hydride reactor comprising a Rbl catalyst, stainless steel filament leads, 
and a W filament (gas cell sample ti 5) with a sample temperature of 235 

2 5 °C with the assignments of major component hydrino hydride silane and 

siloxane compounds and silane fragments; 

FIGURE 35 is the mass spectrum (m/? = 0-!)0) of the vapors from the 
crystals from a gas discharge cell hydrino hydride reactor comprising a 
KI catalyst and a Ni electrodes with a sample heater temperature of 225 
30 «C; 

FIGURE 36 is ihc mass spectrum (m/r = 0-)10) of the vapors from the 
crystals from a plasma torch cell hydrino hydride reactor with a sample 
heater temperature of 250 °C with the assignments of major component 
aluminum hydrino hydride compounds and fiagmcnt peaks; 

3 5 FIGURE 37 is the mass spectrum as a function of lime of hydrogen 

{mfc^l and (m/<- = l) f water { m fe = 18, mle = 2, and (mfc~\), carbon 
dioxide (m/t = 44 and m/r=J2). and hydrocarbon fragment CIV 9 
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(m/e=l5). and carbon ( mte- 12) obtained following recording the mass 
spectra of the crystals from the electrolytic cell, the gas cell, ihc gas 
discharge cell, and the plasma torch cell hydrino hydride reactors; 

FIGURE 38 is the mass spectrum (m/e = 0-50) of the gasscs from the 
Ni tubing cathode of the tf 7 C0, electrolytic cell on-line with the mass 

spectrometer; 

FIGURE 39 is the mass spectrum (m/e = 0-50) of the MIT sample 
comprising nonrecoinbinablc gas from a K^CO y electrolytic cell; 

FIGURE 40 is the outpul power versus time during the catalysis of 
hydrogen and the response to helium in a Calvet cell containing a heated 
platinum filament and KNO^ powder in a quartz boat that was heated by 

the filament; 

FIGURE 41 A is the mass spectrum (m/e = 0-50) of the gasscs from the 
Pennsylvania State University Calvet cell following the catalysis of 
5 hydrogen that were collected in an evacuated stainless steel sample 
bottle; 

FIGURE 41 B is the mass spectrum (w/<f = 0~S0) of the gasses from the 
Pennsylvania State University Calvet cell following the catalysis of 
hydrogen that were collected in an evacuated stainless steel sample 
0 bottle at low sample pressure; 

FIGURE 42 is the mass spectrum (m/r = 0 - 200) of ihc gasscs from the 
Pennsylvania Stale University Calvet cell following the catalysis of 

uyvito^cn iiui wcic cv/i icvicvi m tin cvj^uiiicu MuntlCb^ aicci >uiiij^jc 

bottle; 

5 FIGURE 43 is the results of the measurement of the enthalpy of the 
decomposition rcaciion of hydrino hydride compounds using an adiabatic 
calorimeter with virgin nickel wires am! cathodes from a MijCOj 
electrolytic cell and a K 7 CO> electrolytic cell thai produced 6.3X10*; of 
enthalpy of formation of increased binding energy hydrogen compounds; 

0 FIGURE 44 is the gas chromatographic analysis {60 meter column) of 
the gasses released from the sample collected from the plasma torch 
manifold when the sample was heated to 400 °C; 

FIGURE 45 is the gas chromatographic analysis (60 meter column) of 
high purity hydrogen; 

5 FIGURE 46 is the gas chromatographic analysis (60 meter column) of 
gasses from the thermal decomposition of a nickel wire cathode from a 
K 2 COy electrolytic cell that was heated in a vacuum vessel; 
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FIGURE 47 is the gas chromatographic analysis (60 meter column) of 
gasses of a hydrogen discharge with the catalyst {Kl) where the reaction 
gasses flowed through a 1 00% CuO recombiner and were sampled by an 
on-line gas chromatograph; 
5 FIGURE 48 is the X-ray Diffraction (XRD) data before hydrogen now 
oyer the ionic hydrogen spillover catalytic material: 40% by weight 
potassium nitrate {KNOJ on Grafoil with 5% by weight I%-Pi-on- 

graphitic carbon; 

FIGURE 49 is the X-ray Diffraction (XRD) data after hydrogen flow 

1 0 over the ionic hydrogen spillover catalytic material: 40% by weight 

potassium nitrate {KNO>) on Grafoil with 5% by weight l%~Pt-on- 

graphitic carbon; 

FIGURE 50 is the X-ray Diffraction (XRD) pattern of the crystals from 
the stored nickel cathode of the K 7 CO> electrolytic cell hydrino hydride 

15 reactor (sample fllA); 

FIGURE 51 is the X-ray Diffraction (XRD) pattern of the crystals 
prepared by concentrating the electrolyte from a tf,CCX electrolytic cell 

operated by Thermacore, Inc. until a precipitate just formed (sample #2); 
FIGURE 52 is the schematic of an apparatus including a discharge eel! 

2 0 light source, an extreme ultraviolet (EUV) spectrometer for windowless 

EUV spectroscopy, and a mass spectrometer used to observe hydrino. 
hydrino hydride ion. hydrino hydride compound, and dihydrino 
molecular ion formations and transitions; 

FIGURE 53 is the EUV spectrum (20 -75 nm) recorded of normal 

2 5 hydrogen and hydrogen catalysis with KNO y catalyst vaporized from the 

catalyst reservoir by heating; 

FIGURE 54 is the EUV spectrum (90-93 nm) recorded of hydrogen 
catalysis with Kl catalyst vaporized from the nickel foam metal cathode 
by the plasma discharge; 

3 0 FIGURE 55 is the EUV spectrum (89-93 nm) recorded of hydrogen 

catalysis with a five way stainless steel cross discharge cell that served 
as the anode, a stainless steel hollow cathode, and Kl catalyst thai was 
vaporized directly into the plasma of the hollow cathode from the 
catalyst reservoir by heating superimposed on four control (no catalyst) 
3 5 runs; 

FIGURE 56 is the EUV spectrum (90 - 92.2 nm) recorded of hydrogen 
catalysis with Kl catalyst vaporized from the hollow copper cathode by 
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the plasma discharge; 

RGURK 57 is ,he EUV spec™ (20-120..) recorded of norma, 
hydros cxc.ted by . discharge ce„ which compmcd a nve ™' 
= s s.ee, cross ,ha, served « lhe .ode wi.l, a hoHo. sJess s.ec, 

FIGURE 58 is lhe EUV spectrum (20 i?n \ i , , 

. »jA.Lirum UU-I20ww) recorded of hvdrinn 

FIGURE 60 is lhe stacked TOFSIMS spectra ,„„ = 9 4 _ 99 in .he order 
from bottom lo ioo of rnp<;iMc ■ 

RlrilDr ' P 01 lof -SIMS sample #8 and sample AIO; 

HOURb 6IA is ,he stacked TOFSIMS specra m/e-o-50 in .he order 
from boiiom to ton of Tr»r.-ctiv,ic ■ r 

•6. and sample «8; SamP ' C M ' »""" e "™P ,C 

FIGURE 610 is the s.acked TOFSIMS specra m „ = 0 -50 in the order 

,o ,op ° f ~ >.<>. samP ,i h ;r:d 

•be ™* trel" T r"*^ ^ ( ""' = 0 - 20 <» °< -he vapors from 

wTa saLle 1 , ySl ' *** a * 

wnn a sample heater temperature of 157 »C in ih* ^ r 

lhe „ll ■ . , concc "'' a, ">S 300 cc oi ,ht »r,co, t k C „„i ylc from 

TO „ lu , , C 1 P"*>P«*« J»« formed (XPS s .,„p| e 

TOf S.MS ,, mple ,„ wM> , samp , c ficiicr icmperiio e ^ ^ c ^ ^ 

conc^,™! 6 ^" '"""^ Spcc "" m of "» s,ah l«P»'o« b, 
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compounds wiih a rotary evaporator, and allowing crystals 10 form on 
standing at room temperature (XPS sample M) with the primary elements 
identified: 

FIGURE 65 is .he 675 cV .o 765 cV binding energy region of an X-ray 
5 Pholoelec.ron Spectrum (XPS) of .he cryopumped crystals isolated from 
the 40 °C cap of a gas cell hydiino hydride reac.or compiising a Kl 
catalyst, s.ainless steel" filament leads, and a W filament (XPS sample #13) 
with Fe2p t and Ft 2p, peaks identified; 

FIGURE 66 is the 0 to 110 eV binding energy region of an X-ray 
1 0 Photoelcclron Spectrum (XPS) of the cryopumped crys.als isolated from 
the cap of a gas cell hydrino hydride reactor comprising a Kl cn.alyst, 
s.ainless steel filament leads, and a w filament (XPS sample HI4); 

.FIGURE 67 is the 0 eV 10 80 eV binding energy region of an X-ray 
Phoioelcctron Spectrum (XPS) of Kl (XPS sample ff)5); 

1 5 FIGURE 68 is the FTJR spectrum of sample fil from which the FTIR 

spectrum of the reference potassium carbonate was digitally subiracicd; 

FIGURE 69 is the overlap FTJR spectrum of sample A I and the I T IR 
spectrum of (he reference potassium carbonate. 
FIGURE 70 is the FT1R spectrum of sample ff4; 

FIGURE 71 is the stacked Raman spectrum or I.) a nickel wire that was 
removed from the cathode of the KXO.. electrolytic cell operated by 
Thcrmacote. Inc. that was rinsed wild distilled water and dried wherein 
:he ecl! produced 5.6XIO*./ of enthalpy of formation of increased binding 
energy hydrogen compounds, 2.) a mckel wire that was removed from the 

2 5 cathode of a control Na 7 CO x electrolytic cell operated by BlackLight Power, 

Inc. that was rinsed with distilled water and dried, and 3.) the same nickel 
wire (NI 200 0.0197". HTN36NOAGI. A I Wire Tech. Inc.) thai was used in 
the electrolytic cells of sample »2 and sample S3: 

FIGURE 72 is the Raman spectrum of crystals prepared by coneentratin" 
30 the electrolyte from the KXO.. electrolytic celt that produced 6.3X10' J of" 
enthalpy of formation of increased binding energy hydrogen compounds 
with a rolary evaporator, and allowing crystals to form on standing at 
room temperature (sample H4); and 

FIGURE 73 is the magic angle solid NMR spectrum of crystals prepared 
by concentrating the electrolyte from a K,CO> electrolytic cell operated by 
Thermacore, Inc. until a precipitate just formed (sample #1); 

FIGURE 74 is the 0-160 eV binding energy region of a survey X-ray 
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Photocleciron Spectrum (XPS) of sample #12 wiih the primary elements 
and dibydrino peaks identified; 

FIGURE 75 is the stacked TGA results of I.) the reference comprising 
99.999% KNO) (TGA/DTA sample #]) 2.) crystals from the yellow-white 
S crystals thai formed on the outer edge of a crystallization dish from the 
acidified electrolyte of the tf 3 C0, electrolytic cell operated by Thermacorc. 
Inc. thai produced 1.6 X 10* J of enthalpy or formation of increased binding 
energy hydrogen compounds (TGA/DTA sample H2). 

FIGURE 76 is the stacked DTA results of I.) the reference comprising 
10 99.999% KNOy (TGA/DTA sample «l) 2.) crystals from the yellow-white 
crystals that formed on the outer edge of a crystallization dish from the 
acidified electrolyte of the K } CO y electrolytic cell operated by Thermacorc, 
Inc. thai produced 1.6 X 10* J of enthalpy of formation of increased binding 
energy hydrogen compounds (TGA/DTA sample #2). 

1 5 

LV^ DETA ILIII) DESCRIPTION O F THE invention 
Formation of a hydride ion having a binding energy greater than 
about 0.8 <V, i.e.. a hydrino hydride ion t allows for production of alkali 
and alkaline earth hydrides having enhanced stability or slow reactivity 

2 0 in water. In addition, very stable metal hydrides can be produced with 

hydrino hydride ions. 

Increased binding energy hydrogen species form very strong bonds 
Wiih ceii;,iti caiiuii> and have unique properties with many applications 
such as cutting materials (as a replacement for diamond, for example); 

2 5 structural materials and synthetic fibers such as novel inorganic 

polymers. Due to the small mass of such the hydrino hydride ion, these 
materials are lighter in weight than present materials containing a other 
anions. 

Increased binding energy hydrogen species have many additional 

3 0 applications such as cathodes for thermionic generators; formation of 

photolumincsccnt compounds (e.g. Zintl phase sificides and silanes 
containing increased binding energy hydrogen species); corrosion 
resistant coatings; heat resistant coatings; phosphors for lighting; optical 
coatings; optical fillers (e.g., due to the unique continuum emission and 
3 5 absorption bands of the increased binding energy hydrogen species); 
extreme ultraviolet laser media (e.g., as a compound with a with highly 
positively charged cation); fiber optic cables (e.g., as a material with a 
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low attenuation for electromagnetic radiation and a high refractive 
index); magnets and magnetic computer storage media (e.g., as a 
compound with a ferromagnetic cation such as iron, nickel, or chromium); 
chemical synthetic processing methods; and refining methods. The 
5 specific P hydrino hydride ion («> = \i P ) where p is an integer) may be 

selected to provide the desired property such as voltage following 
doping. 

The reactions resulting in the foimation of the increased binding 
energy hydrogen compounds are useful in chemical etching processes? 

10 such as semiconductor etching to form computer chips, for example. 

Hydrino hydride ions arc useful as dopants for semiconductors, to alter 
the energies of the conduction and valance bands of the semiconductor 
majcrials. Hydrino hydride ions may be incorporated into semiconductor 
materials by ion implantation, beam epitaxy, or vacuum deposition The 

15 spec,f,c p hydrino hydride ion (H (r> \ > p) where p is an integer) may be 

selected to provide the desired property such as band gap following 
doping. 

Hydnno hydride compounds are useful semiconductor masking 
agents. Hydrino Species-terminated (versus hydrogen-terminated) 
2 0 silicon may be utilized. 

The highly stable hydrino hydride ion has application as the 
negative ion of the electrolyte of a high voltage electrolytic cell, in a 
funhe, ;.,,,>i,i;uiion, a hydrino hydride ion with extreme stability 
represents a significant improvement as the product of a cathode half 

2 5 reaction of a fuel cell or battery over conventional cathode products of 

preseni batleries and fuel cells. The hydrino hydride reaction of Oq. (8) 
releases much more energy. 

A further advanced battery application of hydrino hydride ions is 
in the fabrication of batteries. A battery comprising, as an oxidant 
compound, a hydrino hydride compound formed of a highly oxidized 
cation and a hydrino hydride ion ("hydrino hydride battery"), has a 
lighter weight, higher voltage, higher power, and greater energy density 
than a conventional battery. In one embodiment, a hydrino hydride 
battery has a cell voltage of about 100 times that of conventional 

3 5 batteries. The hydrino hydride battery also has a lower resistance than 

conventional batteries. Thus, the power of the inventive battery is more 
than 10.000 times the power of ordinary batleries. Furthermore, a 
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hydrmo hydride battery can posses energy densities or greater than 
100.000 wan Jiours per kilogram. The most advanced of conventional 
batteries have energy densities of less that 200 watt hours per kilogram. 
Due to the rapid kinetics and the extraordinary exothermic nature 
S of the reactions of increased binding energy hydrogen compounds, 
particularly hydiino hydiidc compounds, other applications include 
munitions, explosives, propcllants. and solid fuels. 

The selectivity of hydrino atoms and hydride ions in forming bonds 
with specific isotopes based on a differential in bond energy provides a 
I 0 means to purify desired isotopes of elements. 

L HYDRIDE ION 

- A hydrino atom "j^j reacts with an electron to form a 

corresponding hydrino hydride ion H {n^\fp) as given by \i<\. (8). 

1 5 Hydride ions arc a special case of two-electron atoms each comprising a 

nucleus and an "electron 1" and an 'electron T\ The derivation of the 
binding energies of two electron aioms is given by ihe *96 Mills GUT. A 
brief summary of the hydride binding energy derivation follows 
whereby the equation numbers of the format {tUltitt) correspond to those 

2 0 given in the '96 Mills GUT. 

*he hywHuc iovt iOiiipiiMra iwu indistinguishable electrons bound to 
a proton of 2^+1. Each electron experiences a centrifugal force, and the 
balancing centripetal force (on each electron) is produced by the electric 

2 5 force between the electron and the nucleus. In addition, a magnetic force 

exits between the two electrons causing the electrons to pair. 

LJ — Dej^mj nation of the OrfrjKpherc Radius. r fl 

Consider the binding of a second electron to a hydrogen atom to 

3 0 form a hydride ion. The second electron experiences no central electric - 

force because the electric field is mo outside of the radius of the first 
electron. However, the second electron experiences a magnetic force due 
to electron } causing it to spin pair with electron 1. Thus, electron I 
experiences the reaction force of electron 2 which acts as a centrifugal 
3 5 force. The force balance equation can be determined by equating the 
total forces acting on the two bound electrons taken together. The force 
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balance equation for the paired electron orbitspbere is obtained by 
equaling the forces on Ihe mass and charge densities. The centrifugal 
force of both electrons is given by Eq. (7.1) and Eq (7.2) where (he'mass 
.S 2m.. blecr.c field lines end on charge. Since both electrons arc paired 
at the same radius, the number of field lines ending on the charoe 
densiiy of electron 1 equals Ihe number that end on the charge "densily 
of electron 2. The elec.ric force is proportional to Ihe number of field 
Imes: thus, ihe centripetal eleciric force. F„. between the elecirons and 
the nucleus is 



K -_2 



4 iter (12) 
where c„ is ihe permittivity of free-space. The ou.ward magnetic force 
on Ihe two paired electrons is given by ihe negative of Eq. (7 15) where 
Ihe mass is 2„> r . The outward centrifugal force ami magnciic forces on 
elecirons I and 2 are balanced by the clcctiic force 

i U - 

where Z= I. Solving for r„ 

That is. the final radius of electron 2. .s given by Eq. <|4); this is also 

llw» final r»d<US «f /-Wlr,>r> I 



L2 Biodin^_Eflcrgy 

During ionization, electron 2 is moved to infinity. By the selection 
rules for absorpiion of electromagnetic radiation dictated by 
conservation of ano„| nr momentum, absorption of a photon causes the 
spin axes of the an.iparallcl spin-paired elecirons lo become parallel 
Ihe unpainno ener o y . E^^immpmie). is given by Eq. (7.30) and Eq. (14) 
multiplied by two because the magnetic energy is proportional .o the 
square of the magnetic field as derived in Eqs. (1. 122-1. 129). A 
repulsive magnetic force exists on the electron lo be ionized due io .he 
parallel alignment of (he spin axes. The energy to move electron 2 .o a 
radius which is infinitcsimally greater than that of electron I is zero. In 
ih.s case, the only force acting on electron 2 is the magnetic force. Due to 
conservation of energy, the potential energy change lo move electron 2 
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co infinity to ionize the hydride ion can be calculated from the magnetic 
force of Eq. (13). The magnetic work, is the negative integral of 

the magnetic force (the second term on the right side of Eq. (13)) from r, 
to infinity, 

where r y is given by Eq. (N). The result of ihe integration is 

^"^^|i + V^T7^ (,6) 

where By moving electron 2 to infinity, electron 1 moves to the 

radius r, = a„, and the corresponding magnetic energy, f^^J^ir), 
I 0 is pven by Eq. (7.30). In the present case of an inverse squared centra! 
field, the binding energy is one half the negative of the potential energy 
ll-owles, G. R.. ^.l^Ucid^Mecl^ Third Edition, Holt. Rmehart. and ° 
Winston. New York, (1977), pp. 154-156.). Thus, the binding energy is 
given by subtracting the two magnetic energy terms from one half the 
negative of the magnetic work wherein m e is the electron reduced mass 
H, given by Eq. (1.167) due to the electrodynnmic magnetic force 
between electron 2 and (he nucleus given by one half (hat of Eq. (1.164). 
The factor of one half follows from Bq. (13). 

Binding Enc rgy = - i £ - £^ t ^{ma^iw)^ E^^i^gnetk) 



I 5 



20 



(17) 



The binding energy of Ihe ordinary hydride ion H (n = 1) is 0.75102 cV 
according to Eq. (17). The experimental value given by Dean |)ohn A. 
Dean, Editor, lanzels. Handbook of Chemistry . Thittcenth Edition. 
McGraw-Hill Book Company, New York. (1985). p. 3-10 } is 0.754209 tV 
which corresponds to a wavelength of X = lM4„m. Thus, both values 

2 5 approximate to a binding energy of about V.SrV. 

L2 Hvdr in o Hvdridr Inn 

The hydrino atom W(l/2) can form a stable hydride ion, namely, 
the hydrino hydride ion //"(a = 1/2). The central field of the hydrino 

3 0 atom is twice that of the hydrogen atom, and it follows from Eq. (13) that 
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the radius of ihe hydrino hydride ion ir(»=U2) is one half ihnt of an 
ordinary hydrogen hydride ion. //(„ = !). given by Eq. (M). 

The energy follows from Eq. (17) mid Eq. (18). 



(18) 



Binding Energy a - i - £,^,^(™«,,,,, f ) - £. 



{mngneiic) 



2' 



(19) 



The binding energy of ihe hydrino hydride ion «>« 1/2) is 3.047 
according lo Eq. (19). which corresponds to a wavelength of A=«07m« 
In general, ihe centra! field of hydrino atom H[n -1/ p),p^ integer is /> 
limes ihai of (he hydrogen atom. Thus, ihe fo.ee balance equation is 



I ft' 



(20) 



where 2=| because the field is zero for ,•>,-. Solving for r,. 

r *">~*[* + 4*^.s-\ ' (21) 

From Eq. (21). ,he rad.us 0 f Ihe hydrino hydride ion H (». = I / p), p = i„, e gcr 
is - thai of atomic hydrogen hydride. // („=!). given by Eq. (14). The 
energy follows from Eq. (20) and Eq. (21). 

Binding Energy = E„ t ^, - E tkaum , ^{magnetic) - E^^tnagnetic) 



,2 



l + - , 



(22) 



TABLE 1 supra, provides the binding energy of the hydrino hydride ion 
// (/i- Up) as a function of p according to Eq. (22). 

2^ifjrT2BMUiEA£IOK 

One embodiment of the present invention involves a hydride 
reactor shown in FIGURE I, comprising a vessel 52 containing a catalysis 
mixture 54. The catalysis mixture 54 comprises a source of atomic 
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hydrogen 56 supplied through hydrogen supply passage 42 and a 
catalyst 58 supplied through catalyst supply passage 41. Catalyst 58 has 
a net enthalpy or reac.ion of about 2 27.21 e V. where m is an integer, 

preferably an integer less than 100. The catalysis involves reacting 
atomic hydrogen from the source 56 with the catalyst 58 to form 
hydrinos. The hydride reactor further includes an electron source 70 for 
contacting hydrinos with electrons, to reduce the hydrinos to hydrino 
hydride ions. 

* 

The source of hydrogen can be hydrogen gas. water, ordinary 
hydride, or metal-hydrogen solutions. The water may be dissociated to 
form hydrogen atoms by. for example, thermal dissociation or 
electrolysis According to one embodiment of the invention, molecular 
hydrogen is dissociated into atomic hydrogen by a molecular hydrogen 
dissociating catalyst. Such dissociating catalysts include, for example, 
noble metals such as palladium and platinum, refractory metals such as 
molybdenum and tungsten, transition metals such as nickel and titanium 
inner transition metals such as niobium and zirconium, and other such 
materials listed in the Prior Mills Publications. 

According to another embodiment of the invention utilizing a gas 
cell hydride reactor or gas discharge cell hydride reactor as sholn in 
FIGURES 3 and 5. respectively, a photon source dissociates hydrogen 
molecules to hydrogen atoms. 

In all the hydrino hydride leactor embodiments of die present 
invention, the means to form hydrino can be one or more of an 
electrochemical, chemical, photochemical, thermal, free radical, sonic, or 
nuclear rcaction(s). or inelastic photon or particle scattering reaction(s). 
In the latter two cases, the hydride reactor comprises a particle source 
and/or photon source 75 as shown in FIGURE I. to supply the reaction as 
an inelastic scattering reaction. In one embodiment of the hydrino 
hydride reactor, the catalyst includes an electroca.alytic ion or couplc(s) 
in the molten, liquid, gaseous, or solid state given in the Tables of the 
Prior Mills Publications (e.g. TABLE 4 of PCT/US90/0I998 and paoes 25- 
46. 80-108 of PCT/US94/02219). 

Where the catalysis occurs in the gas phase, the catalyst may be 
maintained at a pressure less than atmospheric, preferably in ihe ran°e 
10 m.lh.orr to I00 torr. The atomic and/or molecular hydrogen reactant 
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is maintained at a pressure less lhan atmospheric, preferably in the 
range 10 milJitorr to J 00 lorr. 

Each of the hydrino hydri(!c reactor embodiments of the present 
invention (electrolytic cell hydride reactor, gas cell hydride reactor, gas 
discharge cell hydride reactor, and plasma torch cell hydride reactor) 
comprises the following: a source of atomic hydrogen; at least one of a 
solid, molten, liquid, or gaseous catalyst for generating hydrinos; and a 
vessel for containing the atomic hydrogen and the catalyst. Methods and 
apparatus for producing hydrinos, including a listing of effective 
catalysts and sources of hydrogen atoms, are described in the Prior Mills 
Publications. Methodologies for identifying hydrinos are also described. 
The hydrinos so produced react with the electrons to form hydrino 
hydride ions. Mc.hods to reduce hydrinos to hydrino hydride ions 
include, for example, the following: in the electrolytic cell hydride 
reactor, reduction at the cathode; in ihe gas cell hydride reactor, chemical 
reduction by a reactant; in the gas discharge cell hydride reactor, 
reduction by the plasma electrons or by the cathode of the gas discharge 
cell; in the plasma torch hydride reactor, reduction by plasma electrons. 

2J — Eigc.txojq!ic_CelL H ydride Rea ctor 

An electrolytic cell hydride reactor of the present invention is 
Shown in FIGURE 2. An eleciric current is passed through an electrolytic 
solHtior. :C2 co.,iai„eu », vom:! iui by the application of a voltage. The 
voltage is applied to an anode 104 and caihode 106 by a power 
controller 108 powered by a power supply 110. The electrolytic solution 
102 contains a catalyst ror producing hydrino atoms. 

According to one embodiment of the electrolytic cell hydride 
reactor, cathode 106 is formed of nickel caihode 106 and anode 104 is 
formed of platinized titanium or nickel. The electronic solution 102 
comprising an about O.SM aqueous KXO, electrolytic solution (AT / K' 
catalyst) is electrolysed. The cell is operated within a voltage range of 
1.4 to 3 volts. In one embodiment of the invention, the electrolytic 
solution 102 is molten. 

Hydrino atoms form at the cathode 106 via contact of the catalyst 
of electrolyte 102 with the hydrogen atoms generated at the cathode 
106. The electrolytic cell hydride reactor apparatus further comprises a 
source of electrons in contact with the hydrinos generated in the cell, to 
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form hydrino hydride ions. The hydrinos arc reduced (i.e. enin the 
electron) in the electrolytic cell to hydrino hydride ions. Reduction 
occurs by contacting the hydrinos wiih any of the following: I ) the 
cathode 106, 2.) a reductani which comprises the cell vessel 101, or 3.) 
5 any of the reactor's components such as features designated as anode 

104 or electronic 102, or 4.) a reductant 160 extraneous to the operation 
of the cell (i.e. a consumable reductani added to the cell from an outside 
source). Any of these rcductants may comprise an electron source for 
reducing hydrinos to hydrino hydride ions. 
JO A compound may form in the electrolytic cell between ihe hydrino 

hydride ions and cations. The cations may comprise, for example, an 
oxidized species of the material of the cathode or anode, a cation of an 
added reductani. or a cation of the electrolyte (such as a cation 
comprising the catalyst). 

1 5 

2J. SA$J>IMjxdudeJR 

According to another embodiment of the invention, a reactor for 
producing hydrino hydride ions may take die form of a hvdropen pas cell 
hydride reactor. A gas cell hydride reactor of the present invention is 

2 0 shown in FIGURE 3. Also, ihe construction and operation of an 

experimental gas cell hydride reactor shown in FIGURE 4 h described in 
ihe Identification of Hydiiito Hydride Compounds by Mass Speciroscopy 
t*Cx.t»cn ion! CeJI Sample), i/i/m. m bum tciib, rcaciam hydrinos are 
provided by an elccirocatalylic reaction and/or a disproportionaiion 

2 5 reaction. Catalysis may occur in the gas phase. 

The reactor of FIGURE 3 comprises a reaction vessel 207 having a 
chamber 200 capable of containing a vacuum or pressures greater than 
atmospheric. A source of hydrogen 221 communicating with chamber 
200 delivers hydrogen to the chamber through hydrogen supply passage 

3 0 242. A controller 222 is posiiioned to control the pressure and flow of 

hydrogen into the vessel through hydrogen supply passage 242. A 
pressure sensor 223 monitors pressure in the vessel. A vacuum pump 
256 is used to evacnaie the chamber through a vacuum line 257. The 
apparaius further comprises a source of electrons in contact with the 
3 5 hydrinos to form hydrino hydride ions. 

A catalyst 250 for generating hydrino atoms can be placed in a 
catalyst reservoir 295. The catalyst in the gas phase may comprise the 



WO 99A>5735 



PCT/US98/M029 



46 



clcctrocalalyt.c ions and couples described in .he Mills Prior Publications 
The reaction vessel 207 has a ca.alys, supply passage 241 for the 
passage of gaseous catalyst from the catalyst reservoir 295 lo the 
react,on chamber 200. Alternatively, the catalyst may be placed in a 
chem.cally resistant open container, such as a boa., inside .he reaction 
vessel. 

The molecular and atomic hydrogen partial pressures in the reactor 
vessel 207. as well as the catalyst partial pressure, is preferably 
ma.nta.ned m the range of 10 rnillitorr to 100 torr. Most preferably the 
hydrogen partial pressure i„ the reaction vessel 207 is maintained a", 
about 200 rnillitorr. 

Molecular hydrogen may be dissociated in the vessel into atomic 
hydrogen by a dissociating material. The dissociate matcria , 
compr.se. for example, a noble metal such as platinum or palladium a 
■ ransmon metal such as nickel and titanium, an inner transition metal 
such as niobium and zirconium, or a refrac.ory meta. such as ,„„«« or 
molybdenum. The dissociating malClia , may be main , aincd a , an * 
elevated temperature by the hea, liberated by the hydros cataJysis 
(hydr.no generation) and hydrino reduction taking place fn .he reactor 
The d.ssoc.a.mg material may also be maintained at eleva.cd 
temperature by temperature control means 230. which may take .he 
form of a heating coil as shown in cross section .„ FIGURE 3. The hea,in<> 
«.u»i li pwweieo by a power suppiy 225. ° 

Molecular hydrogen may be dissociated into atomic hydrogen by 
apphcauon of electromagnetic radiation, such as UV li c ,„ providc ° ( , by a 
photon source 205 

Molecular hydrogen may be dissociated into atomic hydrogen by 
a ho. i.lamcm or grid 280 powered by power supply 285. 

The hydrogen dissociat.on occurs such that .he dissociated 
hydrogen atoms contact a catalyst which is in a molten, liquid. ?aS eo„s 
or sol.d form .o produce hydrino atoms. The catalyst vapor pressure is 
matma.ned a, ,he des.red pressure by controlling the temperature of the 
catalyst reservoir 295 with a catalyst reservoir hea.er 298 powered by a 
power supply 272. When the catalyst is contained in a boa, inside the 
reactor, the catalyst vapor pressure is maintained a. the desired value by 
controlling the temperature of ,he catalyst boa,, by adjustine the boat's 
power suppiy. 
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The rate of production of hydrinos by the gas eel! hydride reactor 
can be controlled by controlling the amount of catalyst in the gas phase 
and/or by controlling the concentration of atomic hydrogen. The rate of 
production of hydrino hydride ions can be controlled by controlling the 
5 concentration of hydrinos, such as by controlling the rale of production of 
hydrinos. The concentration of gaseous catalyst in vessel chamber 200 
may be controlled by controlling the initial amount of the volatile 
catalyst present in the chamber 200. The concentration of gaseous 
catalyst in chamber 200 may also be controlled by controlling the 
10 catalyst temperature, by adjusting the catalyst reservoir heater 298. or 
by adjusting a catalyst boat heater when the catalyst is contained in a 
boat inside the reactor. The vapor pressure of the volatile catalyst 250 
in Jhc chamber 200 is determined by the temperature of the catalyst 
reservoir 295, or the temperature of the catalyst boat, because each is 

1 5 colder than the reactor vessel 207. The reactor vessel 207 temperature 

is maintained at a higher operating temperature than catalyst reservoir 
295 with heat hberated by the hydrogen catalysis (hydrino generation) 
and hydrino reduction. The reaetor vessel temperature may also be 
maintained by a temperature control means, such as healing coil 230 

2 0 shown in cross section in FIGURE 3. Heating coil 2.30 is powered by 

power supply 225. The reactor temperature further controls the reaction 
rales such as hydrogen dissociation and catalysis. 

me preterred operating lemperature depends, in part, on the 
nature of the maierial comprising the reactor vessel 207. The 

2 5 lemperature of a stainless steel alloy reactor vessel 207 is preferably 

maintamcd at 200 I 200°C. The temperature of a molybdenum reactor 
vessel 207 is preferably maintained at 200-1800 °C. The temperature of 
a tungsten reactor vessel 207 is preferably maintained at 200-3000 °C. 
The temperature of a quartz or ceramic reactor vessel 207 is preferably 
30 maintained at 200-1800 °C. 

I he concentration of atomic hydrogen in vessel chamber 200 can 
be controlled by the amount of atomic hydrogen generated by (he 
hydrogen dissociation material. The raie of molecular hydrogen 
dissociation is controlled by controlling the surface area, the 

3 5 temperature, and ihe selection of the dissociation material. The 

concentration of atomic hydrogen may also be controlled by the amount 
of atomic hydrogen provided by ihe atomic hydrogen source 280. The 
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concentration of atomic hydrogen can be further controlled by the 
amount of molecular hydrogen supplied from the hydrogen source 221 
controlled by a How controller 222 and a pressure sensor 223. The 
reaction rate may be monitored by windowlcss ultraviolet (UV) emission 
spectroscopy to detect the intensity of the UV emission due to the 
catalysis and the hydrino hydride ion and compound emissions. 

The gas cell hydride reactor further comprises an electron source 
260 in contact with the generated hydrinos to form hydrino hydride ions 
In the gas cell hydride reactor of FIGURE- 3. hydrinos are reduced to 
hydrino hydride ions by contacting a reductam comprising the reactor 
vessel 207. Alternatively, hydrinos are reduced to hydrino hydride ions 
by contact with any of the reactor's components, such as. photon source 
205. catalyst 250. catalyst reservoir 295. catalyst reservoir heater 298 
hot filament grid 280. pressure sensor 223. hydrogen source 221, flow' 
controller 222, vacuum pump 256, vacuum line 257. catalyst supply 
passage 211. or hydrogen supply passage 242. Hydrinos may nlso be 
reduced by contact wi.h a reductam extraneous to .he operation of the 
cell (i.e. a consumable reductam added to the cell from an outside 
source). Electron source 260 is such a rcduciant. 

Compounds comprising a hydrino hydride anion and a cation may 
be formed in the gas cell. The cation which forms ihe hydrino hvdride 
compound may comprise a cation of the material of the cell, a cation 
comprising ii.c moiecuiar hydrogen dissociation material which produces 
atomic hydrogen, a cation comprising an added reducianl. or a cation 
present in the cell (such as Die cation of ihe catalyst). 

In another embodiment of the gas cell hydride reactor, the vessel 
of the reactor is the combustion chamber of an internal combustion 
engine, rocket engine, or gas turbine. A gaseous catalyst forms bvdrinos 
from hydrogen atoms produced by pyrolysis of a hydrocarbon during 
hydrocarbon combustion. A hydrocarbon- or hydrogen-containins fuel 
contains the catalyst. The catalyst is vaporized (becomes gaseous) durin. 
•he combustion. I„ another embodiment, the catalyst is a thermally 
stable salt of rubidium or potassium such as RbF. RbCI, RbBr Rbl Rb S 
RbOU, Rb,SO„ Rb,CO t , RbJO,. and KF, KCT. KBr. Kt, K^,. KOH. Kjoi ' " 
KXO t . K ; PO,,K 2 CeF l . Additional counterions of the elcctrocatalytic ion or 
couple include organic anions, such as wetting or emulsifying agents. 
In another embodiment of the invention utilizing a combustion 
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engine io generate hydrogen atoms, the hydrocarbon- or hydrogen- 
containing fuel further comprises water and a solva.ed source of catalyst, 
such as emulsified electrocaialytic ions or couples. During pyrolysis 
water serves as a further source of hydrogen atoms which undergo" 
caialys.s. The water can be dissociated into hydrogen atoms thermally or 
catalytieally on a surface, such as the cylinder or piston head. The 
surface may comprise material for dissociating water io hydrogen and 
oxygen. The water dissociating material may comprise an element, 
compound, alloy, or mixture of transition elements or inner transition 
elements, iron, platinum, palladium, zirconium, vanadium, nickel 
litanium. Sc. Cr. Mn, Co. Cu. Zn. Y. Nb. Mo. Tc. R„. Rh, Ag, Cd. La. Hf Ta W 
Re. Os. I,. An. Hg. Ce. IV. Nd. Pm, Sm. Eu. Gd. Tb, Dy. Mo. Er. Tm, V b . l.u, Tb. 
Pa..U, activaied charcoal (carbon), or Cs iniercalated carbon (graphite). 

In another embodiment of the invention utilizing an engine to 
generate hydrogen atoms through pyro |ysis. vaporized catalvst is drawn 
from the catalyst reservoir 295 through the catalyst supply ' passage 241 
■ n.o vessel chamber 200. The chamber corresponds to the engine" 
cylinder. Tim occurs during each engine cycle. The amount of catalyst 
250 used per engine cycle may be determined by the v apo , pressure of 
the catalyst and die gaseous displacement volume of the catalyst 
rcscrvotr 295. The vapor pressure of the catalyst may be controlled by 
controlling the temperature of the catalyst reservoir 295 with the 
. C ,e.voi, heater 29o. h source of electrons, such as a hydrino reducmg 
reagent m contact with hydrinos. results in the formation of hydrino 
2 5 hydride ions. 



I 5 



20 



30 



3 5 



A gas discharge cell hydride reactor of the present invention is 
shown in FIGURE 5. and an experimental gas discharge cell hydride 
reactor is show,, in FIGURE 6 The construction and operation of the 
experimental » as discharge cell hydride reactor shown in FIGURE 6 is 
described in the Identification of Hydrino Hydride Compounds by Mass 
Spectroscopy Section (Discharge Cell Sample), infra. 

The gas discharge cell hydride reactor of FIGURE 5. includes a gas 
dtscharge cell 307 comprising a hydrogen isotope gas-filled o| ow 
discbarge vacuum vessel 313 having a chamber 300. A hydrogen source 
322 supphes hydrogen to the chamber 300 through control valve 325 via 
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a hydrogen supply passage 342. A ca.alyst for generating hydrinos. such 
as the compounds described in Mills Prior Publications (e.g. TABLE 4 of 
PCT/US90/01998 and pages 25-46. 80-108 of PCT/US94/022I9) is 
contained in analyst reservoi, 395. A voltage and current source 330 
causes current to pass between a cathode 305 and an anode 320. The 
current may be reversible. 

In one embodiment of the gas discharge cell hydride reactor, the 
wall of vessel 313 is conducting and serves as Ihe anode. In another 
embodiment, the cathode 305 is hollow such as a hollow, nickel, 
aluminum, copper, or stainless steel hollow cathode. 

The cathode 305 may be coaled with ,| )c catalyst for generating 
hydrinos. The catalysis to form hydrinos occurs on the cathode surface. 
To.fo.m hydrogen atoms for generation of hydrinos. molecular hydrogen 
ts dissociated on the cathode To this end. the cathode is formed of a 
hydrogen dissociative material. Alternatively. ,he molecular hvdrogen is 
dissociated by the discharge. 

According , 0 another embodiment of the invention, the catalyst for 
generating hydrinos is ,n gaseous form. For example, .he discharge may 
be uuhzed to vaporize the catalyst to provide a gaseous catalyst. 
Alternatively, the gaseous catalyst i< produced by the discharge current. 
For example, the gaseous catalyst „,ay be provided by a discharge in 
potassium metal to form K IK\ rubidium metal to form fib', or titanium 
>r,tii\ io fu.... 7r\ The gaseous hydrogen atoms tor reaction with Ihe 
gaseous catalyst are provided by a discharge of molecular hydrogen gas 
such that the catalysis occurs in ihe gas phase. 

Another embodiment of the gas discharge cell hydride reactor 
where catalysis occurs in the gas phase utilizes a controllable gaseous 
catalyst. The gaseous hydrogen atoms for conversion to hydrinos arc 
provided by a discharge of molecular hydrogen gas . The sas 
discharge cell 307 has n catalyst supply passage 341 lor the passage 
of the gaseous catalyst 350 from catalyst reservoir 395 to the 
reaction chamber 300. The catalyst reservoir 395 is healed by a 
catalyst reservoir hca.e. 392 having a power supply 372 to provide 
ihe gaseous catalyst to the reaction chamber 300. The catalyst vapor 
pressure is conirolled by controlling ihe temperature of ihe catalyst 
reservoir 395. by adjusting the heater 392 by means of its power 
supply 372. The reactor further comprises a selective veniing valve 
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In another embodiment of ihe gas discharge cell hydride reactor 
where catalysts occurs in the gas phase utilizes a controllable gaseous 
catalyst. Gaseous hydrogen atoms provided by a discharge of molecular 

5 hydrogen gas. A chemically resistant (docs not react or degrade during 
the operation of the reactor) open container, such as a tungsten or 
ceramic boat, positioned inside the gas discharge cell contains the 
catalyst. The catalyst in the caialysi boat is heated with a boat heater 
using by means of an associated power supply to provide the gaseous 

0 catalyst to the reaction chamber. Alternatively, the glow gas discharge 
cell is operated at an elevated temperature such that the catalyst in the 
boat is sublimed, boiled, or volatilized into the gas phase. The catalyst 
vajior pressure is controlled by controlling the tcmpcraiure of the boat 
or the discharge cell by adjusting the heater with its power supply. 

5 The gas discharge cell may be operated ai room temperature by 

continuously supplying catalyst. Alternatively, to prevent the catalyst 
from condensing in the cell, the temperature is maintained above the 
temperature of the catalyst source, catalyst reservoir 395 or catalysi 
boat. For example, the temperature of a stainless steel alloy cell is 0- 

0 1200X; the temperature of a molybdenum cell is 0 1800 °C; the 

temperature of a tungsten cell is 0-3000 °C; and the temperature of a 
glass, quart*/, or ceramic cell is 0-1800 °C. The discharge voltage may be 
in the rnnge of iOOO to 50,000 voits. Ihe current may be in the range of 
1 fi A to 1 A. preferably about I mA 

5 The gas discharge cell apparatus includes an electron source in 

contact with the hydrinos, in order to generate hydrino hydride ions. 
The hydrinos are reduced to hydrino hydride ions by contact with 
cathode 305. with plasma electrons of the discharge, or with the vessel 
313 Also, hydrinos may be reduced by contact with any of the reactor 

0 components, such as anode 320, catalyst 350, heater 392. catalyst 

reservoir 395, selective venting valve 301, control valve 325, hydrogen 
source 32?. hydrogen supply passage 342 or catalyst supply passage 
341. According to yet another variation, hydrinos are reduced by a 
reductant 360 extraneous to the operation of the cell (e.g. a consumable 

5 reductant added to the cell from an outside source). 

Compounds comprising a hydrino hydride anion and a cation may 
be formed in the gas discharge cell. The cation which forms the hydrino 
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hydride compound may comprise an oxidized species of the material 
comprising the cathode or the anode, a cation of an added rcduc.ant. or a 
cation present in the cell (such as a cation of the catalyst). 

In one embodiment of .he gas discharge cell apparatus, potassium 
or rubidium hydrino hydride is prepared in ,hc gas discharge cell 307 
The catalyst reservoir 395 contains Kl or Rbl catalyst. The catalyst 
vapor pressure in the gas discharge cell is controlled by heater 392 The 
catalyst reservoir 395 is heated with the heater 392 to maintain the 
catalyst vapor pressure proximal to the cathode 305 preferably in the 
pressure range 10 milli.orr to 100 torr. mo.c preferably at about 200 
mtorr. In another embodiment, the cathode 305 and (he anode 320 of 
the gas discharge cell 307 are coated wi.h Kl or Rbl catalyst. The 
catalyst is vaporized during the operation of the cell. The hydroo Cn 
supply from source 322 is adjusted with control 325 to supply hydrogen 
and maintain the hydrogen pressure in the 10 millitorr to 100 torr range 

In one embodiment of the gas discharge cell hydride rcacior 

apparatus, catalysis occurs in a hydrogen gas discharge cell usins a 

catalyst with a net enthalpy of about 27.2 electron volts. The catalyst 

(e.g. potassium ions) is vaporized by ihe discharge. The discharge also 

produces reactam hydrogen atoms. Catalysis using po.assium ions 

results m the emission of extreme ultraviolet <UV> photons. In addition 

to the transition |-J^£L^ >/f ft « 1 ..oi? X ik. 

1,1 »"| — [ + VI2 4, (he disproportionate 

reaction described in the Disproportionate of Energy States Section of 
PCT/US96/07949 causes additional emission of extreme UV at 912/1 and 
304 A. Extreme UV photons ionize hydrogen resulting in the emission of 
the normal specirum of hydrogen which includes visible light. Thus, the 
extreme UV emission from the catalysis is observable indirectly as 
indicated by the conversion of .he ex.renic UV to visible wavelenaths. 
At ihe same lime, hydrinos rcac. wi.h electrons to form hydrino hydride 
tons having , hc continuum absorption and emission lines given in TABLE 
I. supn, These lines are observable by emission spectroscopy which 
identify catalysis and increased binding energy hydrogen compounds. 

2^-Jil31U2aJIojTlLX£ll ll vdride R^nor 

A plasma torch cell hydride reactor of the present invention is 
show,, ,„ FIGURE 7. A plasma , orc| , 702 provjdcs a hydf0gcn iso , ope 
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plasma 704 enclosed by a manifold 706. Hydrogen from hydrogen 
supply 738 and plasma gas from plasma gas supply 712. along with a 
catalyst 714 for forming hydrsnos, is supplied to torch 702. The plasma 
may comprise argon, for example. The catalyst may comprise any of the 
5 compounds described in Mills Prior Publications (e.g. TABLE 4 of 

PCTAJS90/0I998 and pages 25 46, 80-108 of PCT/US94/022 19). The 
catalyst is contained in a catalyst reservoir 716. The reservoir is 
equipped with a mechanical agitator, such as a magnetic stirring bar 718 
driven by magnetic stirring bar motor 720. The catalyst is supplied to 
1 0 plasma torch 702 through passage 728. 

Hydrogen is supplied to the torch 702 by a hydrogen passage 726. 
Alternatively, boih hydrogen and catalyst may be supplied through 
passage 728. The plasma gas is supplied to the torch by a plasma gas 
passage 726. Alternatively, both plasma gas and catalyst may be 

1 5 supplied through passage 728. 

Hydrogen flows from hydrogen supply 738 to a catalyst reservoir 
716 via passage 742. The flow of hydrogen is controlled by hydrogen 
How controller 744 and valve 746. Plasma gas flows from the plasma 
gas supply 712 via passage 732. The flow of plasma gas is conirolled by 

2 0 plasma gas flow controller 734 and valve 736. A mixture of plasma gas 

and hydrogen is supplied to the torch via passage 726 and to the catalyst 
leservoir 716 via passage 725. The mixture is controlled by hydrogen- 
pi asma-gas mixer and mixture now regulator 72 1. The hydrogen and 
plasma gas mixture serves as a carrier gas for catalyst panicles which 

2 5 arc dispersed into the gas stream as fine particles by mechanical 

agitation. The aerosolized catalyst and hydrogen gas of the mixture How 
into the plasma torch 702 and become gaseous hydrogen atoms and 
vaporized catalyst ions (such as K~ ions from Kl) in the plasma 704. The 
plasma is powered by a microwave generator 724 wherein the 

3 0 microwaves are tuned by a tunable microwave cavity 722. Catalvsis 

occurs in the gas phase. 

The amount of gaseous catalyst in the plasma torch is controlled by 
controlling the rate thai catalyst is aerosolized with the mechanical 
agitator. The amount of gaseous catalyst is also controlled by controlling 
3 5 the carrier gas flow rate where the carrier gas includes a hydrogen and 
plasma gas mixture (e.g., hydrogen and argon). The amount of gaseous 
hydrogen atoms to the plasma torch is controlled by controlling the 
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hydrogen flow rale ant! the raiio of hydrogen lo plasma gas in ihe 
mixture. The hydrogen flow rale and the plasma gas flow rate to the 
hydrogen-plasma gas mixer and mixture flow regulator 721 are 
controlled by flow rate controllers 734 and 744, and by valves 736 and 
5 746. Mixer regulator 721 controls the hydrogen-plasma mixture to the 
torch and the catalyst reservoir. The catalysis rate is also controlled by 
controlling the temperature of the plasma wiih microwave generator 
724. 

Hydiino atoms and hydrino hydride ions arc produced in the 
1 0 plasma 704. Hydrino hydride compounds are cryopumped onto the 
manifold 706. or they flow into hydrino hydride compound trap 708 
through passage 748. Trap 708 communicates with vacuum pump 710 
thiQiigh vacuum line 750 and valve 752. A flow to the trap 708 is 
effected by a pressure gradient controlled by the vacuum pump 710, 

1 5 vacuum line 750, and vacuum valve 752. 

Jn another embodiment of the plasma torch cell hydride reactor 
shown in FIGURE 8, at least one of plasma torch 802 or manifold 806 has 
a catalyst supply passage 856 for passage of the gaseous catalyst from a 
catalyst reservoir 858 lo the plasma 804. The catalyst in the catalyst 

2 0 reservoir 858 is heated by a catalyst reservoir heater 866 having a 

power supply 868 to provide the gaseous catalyst to the plasma 804. 
The catalysi vapor pressure is controlled by controlling the temperature 
of ihe caiaiysi reservoir 858 by adjusting the heater K6o with its power 
supply 868. The remaining elements of FIGURE 8 have the same 

2 5 structure and function of the corresponding elements of FIGURE 7. In 

other words, element 812 of FIGURE 8 is a plasma eas supply 
corresponding lo the plasma gas supply 712 of FIGURE 7, clement 838 of 
MGURE 8 is a hydrogen supply corresponding to hydrogen supply 738 of 
FIGURE 7. and so forth. 

30 lft anoiher embodiment of the plasma torch cell hydride reactor, a 

chemically resistant open container such- as a ceramic boat located inside 
the manifold contains the catalyst. The plasma torch manifold forms a 
cell which is operated at an elevated temperature such thai the catalyst 
in the boat is sublimed, boiled, or volatilized into the gas phase. 

3 5 Alternatively, the catalysi in the catalyst boat is heated with a boat 

heater having a power supply 10 provide the gaseous catalyst to the 
plasma. The caialysi vapor pressure is controlled by controlling the 
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lempcraiure of the cell with a cell heater, or by controlling the 
temperature of the boat by adjusting the boat heater with* an associated 
power supply. 

Tbc plasma temperature in the plasma torch cell hydride reactor is 
advantageously maintained in the range of 5,000-30,000 «C. The cell 
may be operated at room temperature by continuously supplying 
catalyst. Alternatively, to prevent the catalyst from condensing in the 
cell, the cell temperature is maintained above that of the catalyst source 
catalyst reservoir 758 or catalyst boat. The operating temperature 
depends, in part, on the nature of the material comprising the cell. The 
temperature for a stainless steel alloy cell is preferably 0-1200*C. The 
temperature for a molybdenum cell is preferably 0-1800 «C. The 
temperature for a tungsten cell is preferably 0-3000 °C. The 
temperature for a glass, quartz, or ceramic cell is preferably 0-1800 °C 
Where the manifold 706 is open to the atmosphere, the cell pressure is 
atmospheric. 

An exemplary plasma gas for the plasma torch hydride reactor is 
argon. Exemplary aerosol How rates are 0.8 standard liters per minute 
(slm) hydrogen and 0.J 5 slm argon. An exemplary argon plasma flow 
rate is 5 slm. An exemplary forward input power is 1000 W. and an 
exemplary reflected power is 10-20 W. 

In other embodiments of the plasma torch hydride reactor, the 
•iicciiMriuM caiaiys. agitator (magnetic stirring bar 718 and magnetic 
stirring bar motor 720) is replaced with an aspirator, atomizer, or 
nebulizer to form an aerosol of the catalyst 714 dissolved or suspended 
in a liquid medium such as water. The medium is contained in the 
catalyst reservoir 716. Or. the aspirator, atomizer, or nebulizer inject, 
the catalyst directly into the plasma 704. The nebulized or atomized 
catalyst is carried into the plasma 704 by a carrier sas, such as hydrogen. 

The plasma torch hydride reactor further includes an elccrron 
source in contact with -the hydrinos. for generating hydrino hydride ions 
In the plasma torch cell, the hydrinos arc reduced to hydrino hydride 
tons by contacting I.) the manifold 706. 2.) plasma electrons, or 4.) any of 
the reactor components such as plasma torch 702. catalyst supply 
passage 756. or catalyst reservoir 758. or 5) a reductant extraneous to 
the operation of the cell (e.g. a consumable reductant added to the cell 
from an outside source). 
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Compounds composing a hydrino hydride anion and a cation may 
be formed in (he gas cell. The cation which forms the hydrino hydride 
compound may comprise a cation of an oxidized species of the material 
forming the torch or the manifold, a cation of an added rcductam, or a 
5 cation present in the plasma (such as a cation of the catalyst). 

3. PURIFICATION Of INCREASED BINDING F.NF.RGY HYDROGEN 
COMPOUNDS 

Increased binding energy hydrogen compounds formed in the 
10 hydride reactor may be isolated and purified from the catalyst remaining 
in the reactor following operation. In the case of the electrolytic cell. ga$° 
cell, gas discharge cell, and plasma torch cell hydride reactors, increased 
binding energy hydrogen compounds arc obtained by physical collection, 
precipitation and rccrystallization, or ccnlrifngation. The increased 
binding energy hydrogen compounds may be further purified by the 
methods described hereafter. 

A method to isolate and purify the increased binding energy 
hydrogen compounds is described as follows. In the case of the 
electrolytic cell hydride reactor, water is removed from the electrolyte 
20 by evaporation, to obtain a solid mixtuie The catalyst containing the 

increased binding energy hydrogen compound is suspended in a"suitable 
solvent, such as water, which preferentially dissolves the catalyst but not 
the increased binding energy hydrogen compound. The solvent is 
filtered, and U,e insoluble increased binding energy hydroscn compound 
25 crystals are collected. 

According to an alternative method for isolating and purifying the 
increased binding energy hydrogen compounds, the remaining catalyst is 
dissolved and the increased binding energy hydrogen compounds arc 
suspended in a suitable solvent which preferentially dissolves the 
catalyst but not the increased binding energy hydrogen compounds. The 
increased. binding energy hydrogen compound crystals are then allowed 
to grow on the surfaces of the cell. The solvent is then poured off and 
the increased binding energy hydrogen compound crystals arc collected. 

Increased binding energy hydrogen compounds may also be 
purified from the catalyst, such as a potassium salt catalyst for example, 
by a process which uses different cation exchanges of the catalyst or 
increased binding energy hydrogen compounds, or anion exchanges of 
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the catalyst. The exchanges change Ihc difference in solubility of the 
increased binding energy hydrogen compounds relative to the catalyst or 
other tons present. Alternatively, the increased binding energy 
hydrogen compounds may be precipitated and recrystallized, exploiting 
5 differential solubility in solvents such as organic solvents and organic 

solvent/aqueous mixtures. Ycl another method of isolating and purifying 
the increased binding energy hydrogen compounds from the catalyst is 
to utilize thin layer, gas. or liquid chromatography, such as high pressure 
liquid chromatography (HPLC). 
I 0 Increased binding energy hydrogen compounds may also be 

purified by distillation, sublimation, or cryopumping such as under 
reduced pressure, such as 10 f uorr to 1 torr. The mixture of compounds 
is placed in a heated vessel containing a vacuum and possessing a 
cryotrap. The cryotrap may comprise a cold finger or a section of the 

1 5 vessel having a temperature gradient. The mixture is heated. Depending 

on the relative volatilities of the components of the mixture, the 
increased binding energy hydrogen compounds are collected as the 
sublimate or the residue. If the increased binding energy hydrogen 
compounds arc more volatile than the other components of the mixture, 

2 0 then .hey are collected in the cryotrap If the increased binding energy 

hydrogen compounds arc less volatile, the other mixture components lire 
collected in die cryotrap. and the increased binding energy hydrogen 
compounds are collected as the residue. 

One such method to purify increased binding energy hydrogen 
compounds from a catalyst such as a potassium salt comprises distillation 
or sublimation. The catalyst, such as a potassium salt, is distilled off or 
sublimed and the residual increased binding energy hydrogen compound 
crystals remains. Accordingly, the product of the hydride reactor is 
dissolved in a solvent such as water, and the solution is filtered, to 

3 0 remove particulates and or contaminants. The anion of the catalyst is 

then exchanged to increase the difference in ihc boiling points of 
increased binding energy hydrogen compounds versus the catalyst. For 
example, nitrate may be exchanged for carbonate or iodide to reduce the 
boiling point of the catalyst. In the case of a carbonate catalyst anion, 
3 5 nitrate may replace carbonate with the addition of nitric acid. In the 
case of an iodide catalyst anion, nitrate may replace iodide with the 
oxidation of the iodide to iodine with H,0 2 and nitric acid to yield the 
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nitrate. Nitrite replaces the iodide ion with the addition of nitric acid 
only. In the final step of the method, the converted catalyst salt is 
sublimed and the residual increased binding energy hydrogen compound 
crystals are collected. 

Another embodiment or the method to purify increased bindino 
energy hydrogen compounds from a catalyst, such as a potassium salt 
compnscs distillation, sublimation, or cryopumping wherein the 
mcreascd binding energy hydrogen compounds have a hjoher vapor 
pressure than the catalyst. Increased binding encrgy hy d rot , cn 
compound crystals are .he distillate or sublimate which is collected The 
separation .s increased by exchanging the anion of the catalyst to 
increase its boiling point. 

. In another embodiment of the increased binding encrgy hydrogen 
compound .solation method, substitution of the catalyst anion is 
employed such that the resulting compound has a low meltino po j nl A 
mixture comprising increased binding energy hydrogen compounds ,s 
melted. 1 he tnercased binding energy hydrogen compounds are 
insoluble „, the melt and thus precipitates from the melt. The media- is 
conducted under vacuum such ,ha, the anionexchanged catalyst product 
such as potassium nitrate partially sublimes. Ihe mixture comprising 
increased b.ndmg energy hydrogen compound precipitate is dissolved i„ 
a minimum volume of a suitable solvent such as water which 
prefeteniiaiiy dissolves me cataiys, but not the increased binding energy 
hydrogen compound crystals. Or. increased binding ener 8 y hydrogen 
compounds a,c precipitated from a dissolved mixture. The mixture is 
die,, f.ltered , 0 obtain increased binding energy hydrogen compound 
crystals. 

One approach to purifying increased binding energy hydroocn 
compounds comprises precipitation and recystalliza.ion. I„ one^uch 
3 0 method, increased binding energy hydrogen compounds are 

recrystallized from an iodide solution containing increased bindin* 
energy hydrogen compounds and one or more of potassium, lithium or 
sodium iodide which will n0 , precipitate until the concentration is 
greater than about 10 M. Thus, increased bindins energy hydrogen 
compounds can be preferentially precipitated. I„ the case of a carbonate 
solution, the .odide can be formed by neutralization with hydro iodic acid 
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According ,o one such embodiment to p„ r jf y increased binding 
energy hydrogen compounds from a potassium iodide catalyst the Kl 
catalyst is rinsed from the gas cell, gas discharge cell or plasma torch 
hydr.de reactor and filtered. The concentration of the filtrate is then 
adjusted to approximately 5 M by addition of water or by concentration 
via evaporation. Increased binding energy hydrogen compound crystals 
are permuted to form on standing. The precipitate is then filtered In 
one embodiment, increased binding energy hydrogen compounds are 
precpua.ed from an acidic solution (e.g. .he pH range 6 to 1) by addition 
of an ac.d such as nitric, hydrochloric, hydro iodic, or sulfuric acid. 

In an alternative method of purification, increased binding energy 
hydrogen compounds arc precipitated from an aqueous mixture bv 
addition of a co-precipi.a.ing anion, cation or compound. For example a 
.soluble sulfate, phosphate, or nitrate compound is added to cause .he 
increased binding energy hydrogen compounds to preferentially 
precipitate Increased binding energy hydrogen compounds arc isolated 
from the electrolyte of a K,CO y electrolytic cell by the following step,. 
K } CO y electrolyte from the electrolytic cell is made approximately I M in 
a cation that precipitaies hydrino hydride ion or increased bindino 
energy hydrogen compounds, such as the cation provided by UNO,. 
W«W„ or MgiNO^. In addition or alternatively, the electrolyte may be 
acidified with an acid such as HNO y The solution is the concentrated 
until a precipitate ,s famed. T he solution is filtered to obtain the 
crystals. Alternatively, the solu.ion is allowed to evaporate on a 
crystallization dish so that increased binding energy hydrogen 
compounds crystallize separately from the other compounds. In this 
case, the crystals are separated physically. 

The increased binding energy hydrogen species can bond to a 
canon with unpaired electrons such as a transition or rare earth cation to 
form a paramagnetic or ferromagnetic compound. In one separation 
embod.menl. the increased binding energy hydrogen compounds are 
separated from impurities, by magnetic separation in crystalline form by 
s.f.mg the mixture over a magnet (e.g.. an electromagnet). The increased 
binding energy hydrogen compounds adhere to the magnet The crystals 
are then removed mechanically, or by rinsing. In the latter case the 
rinse l.qu.d ,s removed by evaporation. In the case of electromagnetic 
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separation, ihe electromagnet is inactivated and the increased binding 
energy hydrogen compound crystals are collected. 

In alternative separation embodiment, the increased binding 
energy hydrogen compounds are separated from impurities, by 
electrostatic separation in crystalline form by sifting the mixture over a 
charged collector (e.g.. a capacitor plate). The increased binding energy 
hydrogen compounds adhere to the collector. The crystals are then 
removed mechanically, or by rinsing. In the latter case, the rinse liquid 
is removed by evaporation. In the case of electrostatic separation, the 
charged collector is inactivated and the increased binding energy ' 
hydrogen compound crystals are collected. 

The increased binding energy hydrogen compounds arc 
substantially pure as isolated and purified by the exemplary methods 
given herein. That is, the isolated material comprises greater than 50 
atomic percent of said compound. 

The cation of the isolated hydrino hydride ion may be replaced by 
a d.fferen. desired cation (e.g. K' replaced by /.,") by reaction upon 
heating and concentrating the solution containing ,| le desired cation or 
via ion exchange chromatography. 

Methods of purification lo remove caiions and anions to obtain the 
desired increased binding energy hydrogen compounds include those 
given by Bailar IQgmprehensivc lnorganjc_Xbcmisiry. Editorial Board J. C. 
uanar, it. s. hmelcus, R. Nyholm. A. F. Trotman-Dickcnson. Pergamon 
Press) including pp. 528-529 which arc incorporated herein by reference. 

l^ME rHOD OF ISOTOPE SE PARATION 

The selectivity of hydrino atoms and hydride ions to form bonds 
with specific isotopes based on a differential in bond energy provides a 
means to purify desired isotopes of elements. The term isotope as used 
herein refers to any isotope given in the CRC which is herein 
incorporated by reference JR. C. Weast. Editor. CRC Handbook „f 
CJj^iMOLJmrUamics. 58th Edition. CRC P.css. (1977). pp.. B-270-B- 
354}. Diffetential bond energy can arise from a difference in the nuclear 
moments of the isotopes, and wiih a sufficient difference they can be 
separated. 

A method of separating isotopes of an element comprises: I.) 
reacting an increased binding energy hydrogen species wi.h an elemental 
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isoiopic mixture comprising a molar excess of a desired isotope with 
respect u> (he increased binding energy hydrogen species to form a 
compound enriched in the desired isotope and comprising at least one 
increased binding energy hydrogen species, and 2.) purifying said 
5 compound enriched in the desired isotope. A method of separating 
isotopes of an element present in one more compounds comprises: L) 
reacting an increased binding energy hydrogen species with compounds 
comprising an isoiopic mixture which comprises a molar excess of a 
desired isotope with respect to the increased binding energy hydrogen 
I 0 species to form a compound enriched in the desired isotope and 

comprising ni least one increased binding energy hydrogen species, and 
2,) purifying said compound enriched in the desired isotope. Sources of 
rcaciant increased binding energy hydrogen species include the 
electrolytic cell, gas ceil, gas discharge cell, and plasma torch cell hydrino 

1 5 hydride reactors of (he present invention and increased binding energy 

hydrogen compounds. The increased binding energy hydrogen species 
may be an increased binding energy hydride ion. The compound 
comprising at least one increased binding energy hydrogen species and 
the desired isoiopically enriched element is purified by ihe methods 

2 0 given herein to purify compounds containing increased binding energy 

hydrogen species. The purified compound may be further reacted to 
form a different isoiopically enriched compound or element by a 
decomposition reaction such as a plasma discharge or plasma torch 
reaction or displacement reaction of the increased binding energy 

2 5 hydrogen species. The steps of reaction and purification such as those 

used by persons skilled in the art may be repeated as many limes as 
necessary to obtain the desired purity of the desired isoiopically 
enriched element or compound. 

For example, a hydrino hydride gas eel! is operated with a Kl 

3 0 catalyst. The increased binding energy hydrogen compound : '*KH K forms 

with essentially no "KH m formed (« is an integer). The mixture of 
catalyst and »KH m may be dissolved in water, and 5y K//. may be allowed 
to precipitate \o yield a compound which is isoiopically enriched in "K. 

Another method of separating isotopes of an clement comprises: I.) 
3 5 reacting an increased binding energy hydrogen species with an elemental 
isoiopic mixture comprising a molar excess of an undesired isotopc(s) with 
respcci to the increased binding energy hydrogen species lo form a 
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compound(s) enriched in ihe undesired isotopc(s) and comprising at least 
one increased binding energy hydrogen species, and 2.) removing said 
compound(s) enriched in the undesired isotopc(s). Another method of 
separating isotopes of an clement present in one more compounds 
5 comprises: I.) reacting an increased binding energy hydrogen species with 
compounds comprising an isotopic mixture which comprises a molar excess 
of an undesired isotope(s) with respect to the increased binding energy 
hydrogen species to form a compound(s) enriched in the undesired 
isotope(s) and comprising at least one increased binding energy hydrogen 
I 0 species, and 2.) removing said compound(s) enriched in the undesired 

isotopc(s). Sources of rcactant increased binding energy hydrogen species 
include the ctcarolytic cell, gas cell, gas discharge cell, and plasma torch 
cell hydrino hydride reactors of the present invention and increased 
binding energy hydrogen compounds. The increased binding energy 

1 5 hydrogen species may be an increased binding energy hydride ion. The 

compound(s) isotopically enriched in the undesired isotopc(s) and 
comprising at least one increased binding energy hydrogen species is 
removed from the reaction mixture by the methods given herein to purify 
compounds containing increased binding energy hydrogen species. 

2 0 Alternatively, a compound isotopically enriched in the desired isotope ami 

not comprising at least one increased binding energy hydrogen species is 
purified from ihe rcaciion product mixture. The purified compound 
isotopicaiiy enriched in the desired isotope may be further reacted io form 
a different isotopically enriched compound or element by a decomposition 

2 5 or displacement reaction. The sicps of rcaciion and purification such as 

those used by persons skilled in the art may be repeated as many times as 
necessary to obtain the desired purity of the desired isotopically enriched 
element or compound. 

For example, a hydrino hydride gas cell is operated with a Kl 

3 0 catalyst. The increased binding energy hydrogen compound "KH„ forms 

with essentially no "KH m formed (n is an integer). The mixture of 
catalyst and »KH a may be dissolved in water, and "KH. may be allowed 

to precipitate to yield a compound in solution which is isotopically 
enriched in 4i K. 

3 5 Differential bond energy can arise from a difference in the nuclear 

moments of the isotopes, and with a sufficient difference they can be 
separated. This mechanism can be enhanced at lower temperatures. 
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Thus, separation can be enhanced by forming the increased binding 
energy compounds and performing the separation a! lower temperature. 

S. IDENTinCA TlO N OF INCREA SED BINDING ENER GY HYDROGEN 
5 COMPOUNDS 

The increased binding energy hydrogen compounds may be 
identified by a variety of methods such as: I.) elemental analysis, 2.) 
solubility, 3.) reactivity, 4.) melting point. 5.) boiling point, 6.) vapor 
pressure as a function of temperature, 1.) refractive index, 8.) X-ray 

10 photoclcciron spectroscopy (XPS), 9.) gas chromatography, 10.) X-ray 
diffraction (XRD), 11.) calorimctry, 12.) infrared spectroscopy (1R). 13.) 
Raman spectroscopy, M.) Mossbauer spectroscopy, 15.) extreme 
ultraviolet (EUV) emission and absorption speclioscopy, 16.) ultraviolet 
(UV) emission and absorption spectroscopy, 17.) visible emission and 

IS absorption spectroscopy, 18.) nuclear magnetic resonance spectroscopy, 
19.) gas phase mass spectroscopy of a heated sample (solid probe 
quadrapole and magnetic sector mass spectroscopy), 20.) timc-of flight- 
secondary ion -inass-specuoscopy (TOFSIMS), 2 1 .) clcctrospray- 
iDnization-time of- flight-mass spectroscopy (ESITOFMS). 22.) 

2 0 thcimogravimetric analysis (TGA), 23.) differential thermal analysis 
(DTA), and 24.) differential scannjng calorimctry (DSC). 

XPS dispositively identifies each increased binding energy 
hydrogen species of a compound by iis characteristic binding energy. 
High resolution mass spectroscopy such as TOFSIMS and ESITOFMS 

2 5 provides absolute identification of an increased binding energy hydrogen 

compound based on iis unique high resolution mass. The XRD pattern of 
each hydrino hydride compound is unique and provides for its absolute 
identification. Ultraviolet (UV) and visible emission spectroscopy of 
excited increased binding enersy hydrogen compounds uniquely identify 

3 0 them by the presence of characteristic hydrino hydride ion continuum 

lines and/or characteristic emission lines of increased binding energy 
hydrogen species of each compound. Spectroscopic identification of 
increased binding energy hydrogen compounds is obtained by 
performing extreme ultraviolet (EUV) and ultraviolet (UV) emission 
3 5 spectroscopy and mass spectroscopy of volatilized purified crystals. The 
excited emission of increased binding energy hydrogen compounds is 
observed wherein the source of excitation is a plasma discharge, and the 
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mass spectrum is recorded with an on-line mass spectrometer to identify 
volatilized compounds. An in situ method lo spectroscopicaily identify 
the catalysis of hydrogen to form hydrinos and to identify hydrino 
hydride ions and increased binding energy hydrogen compounds is on- 
line EUV and UV spectroscopy and a mass spectroscopy of a hydrino 
hydride reactor of the present invention. The emission spectrum of the 
catalysis of hydrogen and the emission due to formation and excitation of 
hydrino hydride compounds is recorded. 

Increased binding energy hydrogen compounds were dispositiveiy 
identified by the disclosed methods as given in the EXPERIMENTAL 
Section. 



6. DIHYDRINO 

The theoretical introduction to dihydrinos is provided in the '96 



Mills GUT. Two hydrino atoms /■/ 



molecule referred to as a dihydri 



j may re; 

no //, 2c = * 

I P 



ict to form a diatomic 



(23) 



where p is an integer. The dihydrino comprises a hydrogen molecule 
having a total energy. £,\ H^v' = -^]], 



V L 
= - 13.6 tV 



Up' 



V2 



(24) 



where 2c is the intcrnuclear distance and a, is ihe Bohr radius. Thus, 
the relative intcrnuclear distances (sizes) of dihydrinos are fractional. 
Without considering the correction due to zero order vibration, the bond 

f r ~v 



dissociation energy, B 0 



given by the difference between 



the energy of two hydrino atoms each given by the negative of Eq. (1) 
and the total energy 0 f the dihydrino molecule given by Eq. (24). (The 
bond dissociation energy is defwed as the energy required to break the 
bond). 

7a 



*7 



2c' = 



P J 



= 13.6 eV(-4f> 3 In3+ p> + 2/> 7 | n3> 



(26) 
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10 



i < 



20 



25 



The first binding energy. BE,, of the dihydrino moleculnr ion wilh 
consideration of zero order vibralion is about 

BE, « -~ eV 



(27) 



where p is an integer greater than I, preferably from 2 to 200. Without 
considering the correction due to zero order vibration, the bond 

dissociation energy, E *| w »| 2< ' a ~ £ ] i is ,he difference between the 
negative of the binding energy of the corresponding hydrino atom given 
by Eq. (J) and E T |w^2c'-H^j | given by Eq. (26). 

The first binding energy. BE,, of the dihydrino molecule 
is given by Bq. (26) minus Eq. (24). 

The second binding energy, BE, t is given by the negative of IZq. (26). The 
f;:s* b;r,v»ir»» energy, oc p of ilu*. uihyiirino moiccuie with consideration of 



(28) 



(29) 



(30) 



zero order vibration is aboui 



(31) 



where p is an integer greater than i, preferably from 2 to 200. The 
dihydrino and the dihydrino ion are further described in the 96 Mills 
GUT, and PCT/US 96/0794 9 and PCT/TJS/94/02219. 

The dihydrino molecule reacts with a dihydrino molecular -ion to 
form a hydrino atom H{\i p) and an increased binding energy molecular 
ion /*,'{!/ p) comprising three protons (three nuclei of atomic number 
one) and two electrons wherein the integer p corresponds to that of the 
hydrino, the dihydrino molecule, and the dihydrino molecular ion. The 
molecular ion //;(!//>) is hereafter referred to as the "trihydrino 
molecular ion". The reaction is 



WO 99/057JS 



rer/us98/ 14029 



1 5 



20 



25 



66 



"f C ' = -jr]+ l 'fc^] -> W'P)-* Wlp)+H{\'r) (32) 
//;{l/p) serves as a signature for the presence of dihydrino molecules 
and molecular ions such as those dihydrino molecules and molecular ions 
formed by fragmentation of increased binding energy hydrogen 
5 compounds in a mass spectrometer, as demonstrated in the Identification 
of Hydrino Hydride Compounds by Mass Spectroscopy Section and the 
Identification of the Dihydrino Molecule by Mass Spectroscopy Section, 
infra. 

The dihydrino molecule i/^C-^l also reacts with a proton to 
10 form trihydrino molecular ion H;{\f p ). The rcaciion is 

h;L-^1 + «•_,/;(„„) (33) 

The binding energy. BE. of the trihydrino molecular ion is about 

w 

where p is an integer greater than I. preferably from 2 to 200. 

A method to prepare dihydrino gas from the hydrino hydride ion 
comprises reacting hydrino hydride ion containing compound wiih a 
source of protons. The protons may be protons of an acid, protons of a 
plasma of a gas discharge ceil, or protons from a metai hydride, tor 
example The reaction of hydrino hydride ion « |±j with a proion is 

H '(l)*"' ->«; 20=^]+^ (35) 

One way to generate dihydrino gas from hydrino hydride 
compound is by thermally decomposing the compound. For example 
potassium hydrino hydride is heated until potassium metal and 
dihydrino gas are formed. An example of a thermal decomposition 
rcaciion of hydrino hydride compound M'H |-j is 

W»-fy^H^-^\+e„er gy+ 2M (36) 
where Af " is the cation. 

A hydrino can react with a proton to form a dihydrino ion which 
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further reacts with an electron to form a dihydrino molecule 

V2«. 



«[*]. «•-.»;[,-. 2S.T 



2c = 



(37) 



P 

The energy of the reaction of the hydrino atom with a proton is given by 
the negative of the bond energy of the dihydrino ion (Eq. (28)). The 
5 energy given by the reduction of the dihydrino ion by an electron is the 
negative of the first binding energy (Eq- (30)). These reactions emil UV 
radiation. UV spectroscopy is a way to monitor the emitted radiation. 

A tcactron for preparing dihydrino gas is given by Eq. (37). 
Sources of rcnctani protons comprise, for example, a metal hydride (e.g. a 
1 0 transition metal such as nickel hydride), and a gas discharge cell. In the 
case of a metal hydride proton source, hydrino atoms are formed in an 
clectrolyiic cell comprising a catalyst electrolyte and a metal cathode 
which fonns a hydride. Permeation of hydrino atoms through the metal 
hydride containing protons results in the synthesis of dihydrinos 

1 5 according to Eq. (37). The resulting dihydrino gas may be collected from 

the inside of an evacuated hollow cathode that is scaled at one end. The 
dihydrinos produced according to Eq. (37) diffuse into the cavity of the 
cathode and arc collected. Hydrjnos also diffuse through the cathode and 
react with protons of the hydride of the cathode. 

2 0 In ihe case of a gas discharge cell proton source, hydrinos are 

formed in a hydrogen gas discharge cell wherein a catalyst is present in 
the vapor phase, ionization ot hydrogen atoms by the gas discharge cell 
provides protons to react with hydrinos in the gas phase to form 
dihydrino molecules according to Eq. (37). Dihydrino gas may be purified 

2 5 by gas chromatography or by combusting normal hydrogen with a 

recombiner such as a CuO recombincr. 

According to another embodiment of the present invention, 
dihydrino is prepared from increased binding energy hydrogen 
compounds by thermally decomposing the compound to release 

3 0 dihydrino gas. Dihydrino may also be prepared from increased binding 

energy hydrogen compounds by chemically decomposing the compound, 
for example, the compound is chemically decomposed by reaction with a 
cation such as U* with Nilf^ to liberate dihydrino gas according to the 
following methods: i.) run a 0.57 M K 2 CO } electrolytic celt with nickel 
3 5 electrodes for an extended period of lime such as one year; 2.) make the 
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electrolyte about 1 M in UNO, and acidify it with IINO>\ 3.) evaporate the 
solution to dryness; 4.) heat the resulting solid mixture until it melts; 5.) 
continue to apply heat until the solution turns black from the 
decomposition of incicascd binding energy hydrogen compounds such as 
Ni7/ 4 { ° dihydrino gas t and lithium hydrino hydride; 6.) collect the 

dihydrino gas. and 7,) identify dihydrino by methods such as gas 
chromatography, gas phase XPS. or Raman spectroscopy. 

^_JDihxdrij^ 

3 Dihydrino gas is identified as a higher ionising mass two in the 

mass spectrometer. Dihydrino is also identified by mass spectroscopy by 
the presence of a peak and a m 2 that splits at low pressure. 

The~dihydrino gas peaks occur at retention times different from normal 
hydrogen during gas chromatography at cryogenic temperatures, after 

5 passing through a 100% HJO, rccombiner (e.g. CuO recombincr). In the 

case of tibc di M rino S as 1S Remitted as ,hc s P ,jl m/c=2 pCak 

in the high resolution magnetic scctoi mass spectrometer, as a 62.2 cV 
peak in the gas phase XPS. and as a peak with 4 limes the vibrational 
energy of normal molecular hydrogen via Raman spectroscopy. In the 
0 case of stimulated Raman spectroscopy, a YAG laser excitation is used lo 
observe Raman Stokes and antiStokes lines due to vibration of dihydrino 

^•U^a^ftjor Z>;|2r' = ^- that is liquefied on the cryopump 

spectroscopy stage. A further method of identification comprises 
performing XPS (X-ray Photoclectron Spectroscopy) on dihydrino 
2 5 liquefied on a stage. Dihydrinos may be further identified by XPS by 

their characteristic binding energies given in TABLE 3 wherein dihydrino 
is present in a compound comprising dihydrino and at least one other 
element. Dihydrino is disposiiivety identified in the EXPERIMENTAL 
Section. 

30 

7 ADDmONAI FNPftPA£IT> U1ND1NG E NERGY HYDROG^ .H COMPOUNDS 

In a further embodiment of the present invention, hydrino hydride 
ions are reacted or bonded to any positively charged atom of the periodic 
chart such as an alkali or alkaline earth cation, or a proton. Hydrino 
3 5 hydride ions may also read with or bond to any organic molecule. 
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2 5 



ig energy 



inorganic molecule, compound, metal, nonmctal, or semiconductor to 
form an organic molecule, inorganic molecule, compound, metal, 
nonmctal. or semiconductor. Additionally, hydrino hydride ions may 
react with or bond to ##;, fi;{\t p) % r/;(l/p), or dihydrino molecular ions 

5 //,|? c '=2ij Dihydrino molecular ions may bond to hydrino hydride 
ions such that the binding energy of the reduced dihydrino molecular 
ion, Ihc dihydrino molecule flJ^^J. is less than the bindin; 

of the hydrino hydride ion tf^ij of the compound. 

The reactants which may react with hydrino hydride ions include 
10 neutral atoms, negatively or positively charged atomic and molecular 
ions, and free radicals. In one embodiment to form hydrino hydride 
containing compounds, hydrino hydride ions are reacted with a metal. 
Thus, in one embodiment of the electrolytic cell hydride reactor, hydrino. 
hydrtno hydride ion. or dihydrino produced during operation ai the 
I 5 cathode reacts with the cathode to form a compound, and in one 

embodiment of the gas cell hydride reactor, hydrino, hydrino hydride 
ion, or dihydrino produced during operation reacts wiih the dissociation 
material or source of atomic hydrogen to form a compound. A metal- 
hydnno hydride materia) is thus produced. 

^* ei "p"«J>' types of compound* of <hc present invention include 
those that follow. Each compound of the invention includes at least one 
hydrogen species H which is a hydrino hydride ion or a hydrino atom; or 
in the case of compounds containing two or more hydrogen species //. at 
least one such // is a hydrino hydride ion or a hydrino atom, and/or two 
or more hydrogen species of the compound are present in the compound 
in the form of dihydrino molecular ion (two hydrogens) and/or dihydrino 
molecule (two hydrogens). The compounds of the present invention may 
further comprise an ordinary hydrogen atom, or an ordinary hydrogen 
molecule, in addition to one or more of the increased binding energy 
3 0 hydrogen species. In general, such ordinary hydrogen atom(s) and 

ordinary hydrogen molecule(s) of the following exemplary compounds 
are herein called "hydrogen": 

ir[Up)H; ; Mif. MH 2 . and M,// 7 where M is an alkali cation {in the 
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case of M,//„ the alkali cations may be different) and H is a hydrino 
hydride ion or hydrino atom; MH m * = \u>2 where M is on alkaiinc carlh 
cation and // is a hydrino hydride ion or hydrino atom; MUX where M is 
an alkali calion. X is a neutral atom or molecule or a single negatively 
5 charged anion such as halogen ion, hydroxide ion, hydrogen carbonate 
ion, or nitrate ion, and // is a hydrino hydride ion or hydrino atom; MHX 
where M is an alkaline -earth cation, X is a single negatively charged 
anion such as halogen ion. hydroxide ion, hydrogen carbonate ion, or 
nitrate ion, and // is a hydrino hydride ion or hydrino atom; MHX where 

10 M is an alkaline carlh cation, X is a double negatively charged anion 
such as carbonate ion or sulfate ion, and H is a hydrino atom; M.HX 
where M is an alkali cation (the alkali cations may be different), X is a 
single negatively charged anion such as halogen ion, hydroxide ion, 
hydrogen carbonate ion, or nitrate ion, and // is a hydrino hydride ion or 

15 hydrino atom; MH n n-\io5 where M is an alkaline calion and H is at 
least one of a hydrino hydride ion, hydrino atom, dihydrino molecular 
ion, dihydrino molecule, and may further comprise on ordinary hydrogen 
atom, or ordinary hydrogen molecule; M y H m n = \to4 where M is an 
alkaline earth cation and H is at least one of a hydrino hydride ion, 

2 0 hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule (the alkaline earth cations may be different); M*XH 3 
where M is an aikaiine earth cation, A is a single negatively charged 
anion such as halogen ion. hydroxide ion, hydrogen carbonate ion, or 

2 5 nitrate ion. and // is at least one of a hydrino hydride ion. hydrino atom, 

dihydrino molecular ion. dihydrino molecule, and may further comprise 
an ordinary hydrogen atom, or ordinary hydrogen molecule (the alkaline 
earth cations may be different). M 3 XJi m n = \io2 where M is an alkaline 
earth cation. X is a single negatively charged anion such as halogen ion. 
30 hydroxide ion, hydrogen carbonate ion. or nitrate ion. and H is at least 
one of a hydrino hydride ion. hydrino atom, dihydrino molecular ion, 
dihydrino molecule, and may further comprise an ordinary hvdrosert 
atom (the alkaiinc eanh cations may be different); M y X % H where M is an 
alkaline earth cation, X is a single negatively charged anion such as 

3 5 halogen ion, hydroxide ion. hydrogen carbonate ion, or nitrate ion. and H 

is a hydrino hydride ion. or hydrino atom (the alkaiinc carlh cations may 
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be different); A*,X//. n r.-. 1 to 2 where Af is an alkaline earth cation, X is a 
double negatively charged anion such as carbonate ion or sulfate ion, and 
H is at least one of a hydrino hydride ion, hydrino atom, dihydrino 
molecular ion, dihydrino molecule, and may further comprise an 
5 ordinary hydrogen atom (the alkaline earth cations may be different): 
/Vf 7 XX* H where M is an alkaline earth cation, X is a single negatively 
charged anion such as halogen ion, hydroxide ion, hydrogen carbonate 
ion, or nitrate ion, X is a double negatively charged anion such as 
carbonate ion or sulfate ion, and // is a hydrino hydride ion or hydrino 
10 atom (the alkaline earth cations may be different); MM H a n = lto3 where 

M is an alkaline earth cation, AT is an alkali metal cation, and H is at 
least one of a hydrino hydride ion. hydrino atom, dihydrino molecular 
iorv, dihydrino molecule, and may further comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule; MAf XH m n « I to 2 where M is an 

1 5 alkaline earth cation, H is an alkali metal cation. X is a single negatively 

charged anion such as halogen ion, hydroxide ion, hydrogen carbonate 
ion. or nitrate ion. and // is at least one of a hydrino hydride ion, hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom; AfAf XH where M is an alkaline 

2 0 earth cation, M' is an alkali metal cation, X is a double negatively 

charged anion such as carbonate ion or sulfate ion. and H is a hydrino 
hydride ion or hydrino atom; MM' XX H where M is an alkaline earth 
cation. M is an aikaii metal canon, X and X' are each a single negatively 
charged anion such as halogen ion, hydroxide ion, hydrogen carbonate 

2 5 ion, or nitrate ion, and H is a hydrino hydride ion or hydrino atom; 

n^Xtol where // is at least one of a hydrino hydride ion, hydrino 

atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom; MSi}t m n = I to 6 where M is an alkali 

or alkaline earth cation and // is at least one of a hydrino hydride ion, 

3 0 hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 

further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule; MXSifi^ n = I to 5 where M is an alkali or alkaline earth cation. Si 

may be replaced by Al y M, transition, inner transition, or rare earth 
element, X is a single negatively charged anion such as halogen ion, 
3 5 hydroxide ion. hydrogen carbonate ion, or nitrate ion, or a double 

negative charged anion such as carbonate ion or sulfate ion, and // is at 
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least one of a hydrino hydride ion. hydrino atom, dihydrino molecular 
ion, dihydrino molecule, and may further comprise on ordinary hydrogen 
atom, or ordinary hydrogen molecule; MAlH m n = \to6 where M is an alkali 
or alkaline earth cation and H is at least one of a hydrino hydride ion, 
5 hydrino atom, dihydrino molecular ion. dihydrino molecule, and may 
further comprise an ordinary hydiogen atom* or ordinary hydrogen 
molecule; W// 4 w = lft>6 where M is a transition, inner transition, or rare 
earth clement cation such as nickel and // is at least one of a hydrino 
hydride ion, hydrino atom, dihydrino molecular ion, dihydrino molecule, 
1 0 and may further comprise an ordinary hydrogen atom, or ordinary 

hydrogen molecule; MNiH,n=\to6 where M is an alkali cation, alkaline 
earth cation, silicon, or aluminum and // is at least one of a hydrino 
hydride ion. hydrino atom, dihydrino molecular ion, dihydrino molecule, 
and may further comprise an ordinary hydrogen atom, or ordinary 

1 5 hydrogen molecule, and nickel may be substituted by another iranshion 

metal, inner transition, or rare earth cation: TiH^n^lwA where if is ai 
leasi one of a hydrino hydride ion. hydrino atom, dihydrino molecular 
ton. dihydrino molecule, and may further comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule: AU^n^ltoA where // is at least 

2 0 one of a hydrino hydride ion, hydrino atom, dihydrino molecular ion, 

dihydrino molecule, and may further comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule; MXAIK H„ n~\to7 where M is an 
alkali or alkaline earth caiion, X and X are each a single negatively 
charged anion such as halogen ion. hydroxide ion, hydrogen carbonate 

2 5 ion. or nitrate ion, or a double negative charged anion such as carbonate 

ion or sulfate ion, // is at least one of a hydrino hydride ion, hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, and another cation such as Si may 
replace At\ [KH^KCO^ rit.n = imcser whete // is at least one of a hydrino 

3 0 hydride ion. hydrino atom, dihydrino molecular ion, dihydrino molecule. 

and may further comprise an ordinary hydrogen atom; 
\KHKOfll » = integer where H is at least one of a hydrino hydride ion. 
hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom; 
3 5 {KH^KNO^ nX' integer where X is a single negatively charged 

anion such as halogen ion, hydroxide ion, hydrogen carbonate ion, or 
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nilrale ion and // is at least one of a hydrino hydride ion, hydrino atom, 
dihydrino molecular ion, dihydrino molecule, and may further comprise 
an ordinary hydrogen atom; [KHKNO^ «- integer H is ai least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion, dihydrino 
5 molecule, and may further comprise an ordinary hydrogen atom; 

\MH m M*X\^ m y n - integer comprising" a ncuira! compound or an anion or 

cation where M and M* arc each an alkali or alkaline earth cation. X is a 
single negatively charged anion such as halogen ion, hydroxide ion, 
hydrogen carbonate ion> or nitrate ion or a double negatively charged 
I 0 anion such as carbonate ion or sulfate ion, and H is at least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion, dihydrino 
molecule, and may further comprise an ordinary hydrogen atom; 
\MU n l^f X*J^ nX~ - rw.n = integer where M and M are each an alkali or 

alkaline earth cation, X and X" arc each a single nceatively charged 

1 5 anion such as halogen ion. hydroxide ion, hydrogen carbonate ion. or 

nilrale ion or a double negatively charged anion such as carbonate ion or 
sulfate ion, and // is at least one of a hydrino hydride ion, hydrino atom, 
dihydrino molecular ion. dihydrino molecule, and may further comprise 
an ordinary hydrogen atom, and {M/^MX^ nM" m.n^imeger where 

20 M . M\ arid M" arc each an alkali or alkaline earth cation. X and X* aic 
each a single negaiively charged anion such as halogen ion, hydroxide 
ion. hydrogen carbonaie ion. or nilrale inn nr n Hobble negatively 
charged anion such as carbonate ion or sulfate ion, and // is at least one 
of a hydrino hydride ion, hydrino atom, dihydrino molecular ion, 

2 5 dihydrino molecule, and may furdier comprise an ordinary hydrogen 

atom. 

Preferred metals comprising the increased binding energy 
hydrogen compounds (such as MH m n=\to&) include the Group VIB 

(O. Mo. IV) and Group IB (Cu % A&Au) elements. The compounds are 

3 0 useful for purification of ihe metals. The puiificaiion is achieved via 

formation of (he increased binding energy hydrogen compounds that 
have a high vapor pressure. Each compound is isolated by cryopumping. 

Exemplary silanes, siloxancs, and silicates thai may form polymers 
(up io MW = 100,000 dalion), each have unique observed characteristics 
3 5 different from those of ihe corresponding ordinary compound wherein 
(he hydrogen content is only ordinary hydiogen H. The observed 
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characteristics which arc dependent on the increased binding energy of 
the hydrogen species include stoichiometry, stability nt elevated 
temperature, and stability in air. Exemplary compounds are: 
M 2 SiH m n - I to 8 where M is an alkali or alkaline earth cation (the cations 
5 may be different) and H is at least one of a hydrino hydride ion, hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
Si 7 H m n = lio& where // is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion. dihydrino molecule, and may further 
I 0 comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
SiH m n = ltoZ where // is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
ttjl; n - integer where // is at least one of a hydrino hydride ion. hydrino 

1 5 atom, dihydrino molecular icn, dihydrino molecule, and may further 

comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
Si «H ym n- integer where // is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, or ordinary hydrogen molecule: 
20 Si m M 4m Om.n='Meger where // is at least one of a hydrino hydride ion, 
hydrino atom, dihydrino molecular ion. dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
muiccinc; Si % h\^ ty O % x, y = integer where #7 is at least one ol a hydrino 

hydride ion, hydrino atom, dihydrino molecular ion, dihydrino molecule. 

2 5 and may further comprise an ordinary hydrogen atom, or ordinary 

hydrogen molecule; SiJ1 4 ,O y x, y = integer where // is at least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion. dihydrino 
molecule, and may further comprise an ordinary hydrogen atom, or 
ordinary hydrogen molecule; Sijf 4m H z O n = integer where" // is at least one 

3 0 of a hydrino hydride ion, hydrino atom, dihydrino molecular ion. 

dihydrino molecule, and may further comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule; SiJI 7nt7 n = imcger where // is at 

least one of a hydrino hydride ion. hydrino atom, dihydrino molecular 
ton. dihydrino molecule, and may further comprise an ordinary hydrogen 
3 5 atom, or ordinary hydrogen molecule; SiJt 7 „ } O f x , y = integer where H is*at 

least one of a hydrino hydride ion, hydrino atom, dihydrino molecular 
ion, dihydrino molecule, and may further comprise an ordinary hydrogen 
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aiom, or ordinary hydrogen molecule: MSi 4m H l9tt O n /?= integer where M is an 
alkali or alkaline earth cation and // is at least one of a hydrino hydride 
ion* hydrino atom, dihydiino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
5 molecule; MSi 4m H t0m O Ml /^-integer where Af is an alkali or alkaline earth 

cation and H is at least one of a hydrino hydride ion, hydrino atom, 
dihydrino molecular ion, dihydrino molecule, and may further comprise 
an ordinary hydrogen atom, or ordinary hydrogen molecule; 
M 9 SiJiJ) f qjum^p- integer where M is an alkali or alkaline earth cation 

1 0 and H is at least one of a hydrino hydride ion. hydrino atom, dihydrino 

molecular ion, dihydrino molecule, and may further comprise an 

ordinary hydrogen atom, or ordinary hydrogen molecule; 

M i$*J*~ integer where M is an alkali or alkaline earth cation and // 

is at least one of a hydrino hydride ion, hydrino atom, dihydrino 
J 5 molecular ion, dihydrino molecule, and may further comprise an 
ordinary hydrogen atom, or ordinary hydrogen molecule; 
SiJi„O p njn.p". integer where U is at least one of a hydrino hydride ion. 

hydrino aiom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 

2 0 molecule; Sijf^ n.m- integer where // is at least one of a hydrino hydride 

ion, hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule; SiO,H m n = I to 6 where // is at least one of a hydrino hydride ion, 

hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 

2 5 further comprise an ordinary hydrogen atom, or ordinary hydrogen 

molecule; MSi() 7 H m n-\ to 6 where M is an alkali or alkaline earth calion 

and // is at leasi one of a hydrino hydride ion. hydrino atom, dihydrino 
molecular ion, dihydrino molecule, and may further comprise an 
ordinary hydrogen atom, or ordinary hydrogen molecule; XtSi t H m n = I to M 

3 0 where M is an alkali or alkaline earth cation and // is at least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion. dihydrino 
molecule, and may further comprise an ordinary hydrogen atom, or 
ordinary hydrogen molecule; M,SiH m » = 1 to 8 where M is an alkali or 

alkaline earth cation and H is at least one of a hydrino hydride ion, 
3 5 hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
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molecule; and polya'kylsiloxanc where // is at Icasi one of a hydrino 
hydride ion. hydrino atom, dihydrino molecular ion. dihydrino molecule, 
and may further comprise an ordinary hydrogen atom, or ordinary 
hydrogen molecule. 

In an embodiment of a superconductor of reduced dimensionality 
of the present invention, hydrino. dihydrino. and/or hydride ion is 
reacted with or bonded to a source of electrons. The source of electrons 
may be any positively charged atom of the periodic chart such as an 
alkali, alkaline earth, transition metal, inner transition metal, rare earth, 
lanihanidc. or actinidc cation to form a structure described by a lattice 
described in "96 Mills GUT (pages 255-264 which are incorporated by 
reference). 

Increased binding energy hydrogen compounds may be oxidized or 
reduced to form addiiional such compounds by applying a voltase to the 
battery disclosed in the HYDRINO HYDRIDE BATTERY Section. The 
additional compounds may be formed via the cathode and/or anode half 
reactions. 

Alternatively, increased binding energy hydrogen compounds may 
be formed by reacting hydrino atoms from at least one of an electrolytic 
cell, a gas cell, a gas discharge cell, or a plasma torch cell with silicon to 
form terminated silicon such as hydrino atom versus hydrogen 
terminated silicon. For example, silicon is placed inside the cell such that 
the hydrino produced therein reacts w/th the silicon to form the 
increased binding energy hydrogen species terminated silicon. The 
species as a terminator of silicon may serve as a masking agent for solid 
state electronic circuit production. 

Another application of the increased binding energy hydrogen 
compounds is as a dopant or dopant component in the fabrication of 
doped semiconductors each with an altered hand gap relative to the 
starting malCf ial. For cxample lhe slaiung ma(crja , may be an 0ft}jnary 

semiconductor, an ordinary doped semiconductor, or an ordinary dopant 
such as silicon, germanium, gallium, indium, arsenic, phosphorous, 
antimony, boron, aluminum. Group III elements. Group IV elements, or 
Group V elements. In a preferred embodiment of the doped 
semiconductor, the dopant or dopant component is hydrino hydride ion. 
Mater.als such as silicon may be doped with hydrino hydride ions by ion 
implantation, epitaxy, or vacuum deposition to form a superior doped 
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semiconductor. Apparatus and methods of ion implantation, epitaxy, and 
vacuum deposition such as those used by persons skilled in the art are 
described in the following references which are incorporated herein by 
reference: Fadei Komarov, Ion Beam Mod ification of Metals . Gordon and 

5 Breach Science Publishers, Philadelphia, 1992, especially pp. -1-37.; 

Emanuelc Rimini, I on I mp lantat ion: Basi cs to Device Fabrication . Kluwer 
Academic Publishers, Boston, 1995, especially pp. 33-252; 315-348; 173- 
212; i. P. Ztegler, (Editor), Ion Implantat ion Scien ce and Technology . 
Second Edition, Academic Press, Inc.* Boston, 1988, especially pp. 219- 

1 0 377. The specific p hydrino hydride ion (H~(n=\/p) where p is an 

integer) may be selected to provide the desired property such as band 
gap following doping. 

_ The increased binding energy hydrogen compounds may be reacted 
with a thermionic cathode material to lower ihe Fermi energy of the 

1 5 material. This provides a thermionic generator with a higher voltage 

than that of the undoped starting material. For example, a starting 
material is tungsten, molybdenum, or oxides thereof. In a preferred 
embodiment of a doped thermionic cathode, the dopant is hydrino 
hydride ion. Materials such as metals may be doped with hydrino 

2 0 hydride ions by ion implantation, epitaxy, or vacuum deposition to form 

a superior thermionic cathode. Apparatus and methods of ion 
implantation, epitaxy, and vacuum deposition such as those used by 
persons skilled in the art are described in the following references which 
are incorporated herein by reference: Fadei Komarov, Ion Beam 

2 5 M odification of Metals . Gordon and Breach Science Publishers, 

Philadelphia. 1992, especially pp.-l-37.; Emanucle Rimini, Ion 
Impl antation: Basics to Device Fabrication . Kluwer Academic Publishers. 
Boston, 1995. especially pp. 33-252; 315-348; 175-212; J F. Zieglcr. 
(Editor), Ion Impla ntation Science and Technology . Second Edition, 

3 0 Academic Press. Inc., Boston, 1988. especially pp. 219-377. 

8. HYDRIN O MY PRIDE GETTER 

Each of the various reactors of the present invention comprises: a 
source of atomic hydrogen; at least one of a solid, molten, liquid, or 
3 5 gaseous catalyst; a catalysis vessel containing atomic hydrogen and the 
catalyst; and a source of electrons. The reactor may further comprise a 
getter, which functions as a scavenger to prevent hydrino atoms from 
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reacting with components of the eel! to form a hydrino hydride 
compound. The getter may also be used to reverse the reaction between 
the hydrinos and the cell components to form a hydrino hydride 
compound containing a substitute cation of the hydrino hydride ion. 
5 The getter may comprise a rnclal with a low work function, such as 

an alkali or alkaline earth metal. The getter may alternatively comprise 
a source of electrons and cations. For example, the electron or cation 
source may be (I) a plasma of a discharge cell or plasma torch cell 
providing electrons and protons; (2) a mem! hydride such as a transition 
10 or rare element hydride providing electrons and protons; or (3) an acid 
providing protons. 

In another embodiment of the getter, the cell components comprise 
a metal which is regenerated at high temperature, by electrolysis, or by 
plasma etching, or the metal has a high work function and is resistant to 

1 5 reaction with hydrino to otherwise form hydrino hydride compound. 

In yet another getter embodiment, the cell is comprised of a 
material which reacts with hydrino or hydrino hydride ion to form a 
composition of matter which is acceptable or superior to the parent 
material as a component of ihe cell (e.g. more resilient with a longer 

2 0 functional life-time). For example, the cell of the hydrino hydride 

reactor may comprise, be lined by or be coated with at least one of I.) a 
material thai is resistant to oxidation, such as the compounds disclosed 
herein; 2.) a material which is oxidized by the hydrino such that a 
protective layer is formed (e.g., an anion impermeable layer thai 

2 5 prevents further oxidation) : or 3.) a material which forms a protective 

layer which is mechanically stable, insoluble in the catalysis material, 
does not diffuse into the catalysis material, and/or is not volatile at the 
operating temperature of the cell of the hydrino hydride reactor. 

Increased binding energy hydrogen metal compounds such as NiH m 

3 0 and WH K where n is an integer, form during the operation of the hydrino 

hydride reactor as shown in the EXPERIMENTAL Section, infra. In one 
embodiment of the present invention, the getter comprises a metal such 
as nickel or tungsten which forms said compounds that decompose to 
restore the metal surface of the desired component of the hydrino 
3 5 hydride reactor (e.g., cell wall or hydrogen dissociator). For example, the 
cell of the hydrino hydride reactor is composed of metal, or is composed 
of quartz or a ceramic which has been metallized by, for example, 
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vacuum deposition. In this case, the cell comprises the geticr. 

In the case thai the increased binding energy hydrogen compounds 
have a lower vapor pressure than the catalyst, the getter may a be 
cryotrap in communication wilh the cell. The cryotrap condenses the 

5 increased binding energy hydrogen compounds when the getter is 

maintained at a temperature intermediate between the cell icmpcraiure 
and the temperature of the catalyst reservoir. There is Htilc or no 
condensation of the catalyst in ihe cryotrap. An exemplary getter 
comprising the cryotrap 255 of the gas cell hydride reactor is shown in 

10 FIGURE 3. 

In the case that the increased binding energy hydrogen compounds 
have a higher vapor pressure than the catalyst, the cell possesses a 
heated catalyst reservoir in communication with the cell. The reservoir 
provides vaporized catalyst to the cell. Periodically, the catalyst 

1 5 reservoir is maintained at a temperature which causes the catalyst to 

condense with little or no condensation of the increased binding energy 
hydrogen compounds. The increased binding energy hydrogen 
compounds are maintained in the gas phase at the elevated temperature 
of the cell and are removed by a pump such as a vacuum pump or a 

2 0 cryopump. An exemplary pump 256 of the gas cell hydride reactor is 

shown in FIGURE 3. 

The getter may be used in conjunction with the gas cell hydrino 
hydride reactor to lorm a continuous chemical reactor to produce 
increased binding energy hydrogen compounds. The increased binding 

2 5 energy hydrogen compounds so produced in the reactor may have a 

higher vapor pressure than the catalyst. In that case, the cell possesses a 
heated catalyst reservoir which continuously provides vaporized catalyst 
to the cell. The compounds and the catalyst arc continuously 
cryopumped to the setter during operation. The cryopumped material is 

3 0 collected, and the increased binding energy hydrogen compounds are 

purified from the catalyst by the methods described herein. 

As indicated above, the hydrino hydride ion can bond to a cation 
with unpaired electrons, such as a transition or rare earth cation, to form 
a paramagnetic or ferromagnetic compound. In one embodiment of the 
3 5 gas cell hydride reactor, the hydrino hydride getter comprises a magnet 
whereby magnetic hydrino hydride compound is removed from the gas 
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phase by attaching lo the magnetic getter. 

The electron of a hyclrino hydride ion can be removed by n hydrino 
atom of a higher binding energy level than ihe product ionized hydrino. 
The ionized hydrino hydride ion can further undergo catalysis and 
5 disproportionate to release further energy. Over time, the hydrino 
hydride ion products lend toward the most stable hydrino hydride, ion 
/r(« = l/!6). By removing or adding hydrino hydride compounds, the 
power and energy produced by the cell may be controlled. Accordingly, 
the getter takes the form of a regulator of the vapor pressure of hydrino 
I 0 hydride compounds, to control the power or energy produced by the cell. 
Such a hydrino hydride compound vapor pressure regulator includes a 
pump wherein the vapor pressure is determined by the rate of pumping. 
The hydrino hydride compound vapor pressure regulator also may include 
a cryoirap wherein the temperature of the cryotrap determines the vapor 

1 5 pressure of the hydrino hydride compound. A further embodiment of the 

hydrino hydride compound vnpor pressure regulator comprises a flow 
restriction to a ciyotrap of constant temperature wherein the flow rate to 
the trap determines the steady state hydrino hydride compound vapor 
prcssuie. Exemplary flow restrictions include adjustable quartz, 

2 0 zirconium, or tungsten plugs. The plug 40 shown in FIGURE 4 may be 

permeable to hydrogen as a molecular or atomic hydrogen source. 
9. HYDRINO HY DRIDF Ft )F1 CFH 

As the product of a cathode half reaction of a fuel cell or battery, a 
hydrino hydride ion with extreme stability represents a significant 

2 5 improvement over conventional cathode products of present batteries 

and fuel cells. This is due to the much greater energy release of the 
hydrino hydride reaction of Eq. (8). 

A fuel cell 400 of the present invention shown in FIGURE 9 
comprises a source of oxidant 430. a cathode 405 contained in a cathode 

3 0 compartment 401 in communication with the source of oxidant 430. an 

anode 410 in on anode compaifmcnt 402. a salt bridge 420 completing a 
circuit between the cathode compartment 401 and anode compartment 
-102, and an electrical load 425. The oxidant may be hydrinos from the 
oxidant source 430. The hydrinos react to form hydrino hydride ions as 
3 5 a cathode half reaction (Eq. (38)). Increased binding energy hydrogen 

compounds may provide hydrinos. The hydiinos may be supplied to the 
cathode from the oxidant source 430 by thermally or chemically 
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decomposing increased binding energy hydrogen compounds. The 
hydrino may be obtained by the reaction of an increased binding energy 
hydrogen compound with nn element lhat replaces ihc increased binding 
energy hydrogen species in the compound. Alternatively, the source of 

5 oxidant 430 may be an electrolytic cell, gas cell, gas discharge cell, or 
plasma torch cell hydrino hydride reactor of the present invention. An 
alternative oxidant of the fuel cell 400 comprises increased binding 
energy hydrogen compounds. For example, a cation W 1 (where n is an 
integer) bound to a hydrino hydride ion such thai the binding energy of 

10 the cation or atom M {m ~ l> * is less than the binding energy of the hydrino 

hydride ion //"( — ] may serve as the oxidant. The source of oxidant 430, 



sud) as AT /T ~ may be an electrolytic cell, gas cell, gas discharge cell, 



or plasma torch cell hydrino hydride reactor of the present invention. 
In another fuel cell embodiment, a hydrino source 4 30 
I 5 communicates with vessel 400 via a hydrino passage 460. Hydrino 
source 430 is a hydrino-producing cell according to the present 
invention, i.e., an electrolytic cell, a gas cell, a gas discharge cell, or a 
plasma torch cell. Hydrinos are supplied vi:i hydrino passage 460. 



reacts with the anode 410 to supply electrons to flow through the load 
425 to the cathode 405, and a suitable cation completes the circuit by 
migrating from ihc anode compartment 402 to the cathode compartment 
401 through the salt bridge 420. Alternatively, a suitable anion such as 
2 5 a hydrino hydride ion completes the circuit by migrating from the 

cathode compartment 401 io the anode compartment 402 through the 
salt bridge 420. The reductant may be any electrochemical reductant. 
such as zinc. Jn one embodiment, the reductant has a lush oxidation 
potential and the cathode may be copper. 




The introduced hydrinos, /7| L react with electrons at the cathode 




405 of ihc iut\ Ceil iu form hyuono hydride ions, H {\ip). A reUuctanl 
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The cathode half reaction of the cell is: 




(38) 



The anode half reaction is: 
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rcduciam rcductani* + e~ (39) 
The overall cell reaction is: 

leduaam -> reduciam* 4 //*(!/ p) (40) 

In one embodiment of Che fuel cell, the cathode compartment 401 
5 functions as ihe cathode, in that embodiment, the cathode may serve as 
a hydrino getter. 

10, HYDRINO HYDRIDE B AT! FRY 

A battery according to the present invention is shown in FIGURE 
10 9A. In battery 400\ the increased binding energy hydrogen compounds 
arc oxidants; they comprise the oxidant of the cathode half reaction of 
the^ battery. The oxidant may be, for example, an increased binding 
energy hydrogen compound comprising a dihydrino molecular ion bound 
to a hydrino hydride ion such that the binding energy of the reduced 

dihydrino molecular ion, the dihydrino molecule tf t |?r'~ j, is less 
thun the binding energy of the hydrino hydride ion // ^ j. One such 



1 5 



oxidant is the compound H 7 



■ 2o T 



- H~{l f l>) where /; of the dihydrino 



molecular ion is 2 and // of the hydrino hydride ion is 13. 14. 15. 16. 17, 



20 An alternative oxidant may be a compound comprising a cation W 

(where n is an integer) bound to a hydrino hydride ion such that the 
binding energy of the cation or atom A#"" l,# is less than the binding energy 

of the hydrino hydride ion ir\-\ Cations may be selected from those 

given in Table 2-1. Ionization Energies of the Elements (cV) (R. L. DeKock. 

2 5 H. B. Gray, Chemical Struciure and Bonding. The Benjamin Cummings 

Publishing Company, Menlo Park. CA. (1980) pp. 76-77, incorporated 
herein by referencej such that the n th ionization energy yp 1G form the 
cation AT' from M'""' (where n ,s an integer) is less than the binding 
energy of the hydrino hydride ion W~l Alternatively, a hydrino 

3 0 hydride ion may be selected for a given cation such that the hydrino 



WO 99/0573S 



PCT/US98/14029 



83 

hydride ion is not oxidized by the cation. Thus, the oxidant M n ' H j — j 

\pK 

comprises a cation M"*, where n is an integer and the hydrino hydride ion 
H~^~ j, where p is an integer greater than I, that is selected such that its 

binding energy is greater than that of M 0, n \ For example, in the case of 
5 Mr 7 * (#*(!/ jO), or [H' {I * p)) 4 * P °* mc hydrino hydride ion may be II to 

20 because the binding energy of He* and Fc*° is 54.4 cV and 54.8 cV, 
respectively. Thus, in the case of He 1 * / , the hydride ion is selected 

10 have a higher binding energy than He* (54.4 eV). In the case of 

Fe 4 ~ [H (1/ p)) t the hydride ion is selected to have a higher binding energy 

1 0 than /V" (54.8 eV). By selecting a stable cation-hydrino hydride anion 

compound, a battery oxidani is provided wherein the reduction potential 
is determined by the binding energies of the cation and anion of the 
oxid ant. 

In another embodiment of the bauery > hydrino hydride ions 
\ 5 complete the circuit during buttery operation by migrating from the 

cathode compartment 401' to ihc anode compartment 402\ through salt 
bridge 420*. The bridge may comprise, (or example, an anion conducting 

membrane nnd/or an anion conductor. The salt bridge may be formed of 
a zeolite, a tanthanide boride (such as MB^ where M is a lamhanide), or 
?fl r»n f>tkr>!inr- ?*rth »y>rid? (such ns ^hcre M is an alkaline earth) 

which is selective as an anion conductor based on the small size of the 
hydrino hydride anion. 

The battery is optionally made rechargeable. According to an 
embodiment of a rechargeable battery, the cathode compartment 401' 

2 5 contains reduced oxidant and the anode compartment contains an 

oxidized reductant. The battery further comprises an ion which migrates 
to complete the circuit. To permit the battery to be recharged, the 
oxidant comprising increased binding energy hydrogen compounds must 
be capable of being generated by the application of a proper voltage to 

3 0 the battery to yield the desired oxidant. A representative proper voltage 

is from about one volt to about 100 volts. The oxidant M" H 

comprises a desired cation formed at a desired voltage, selected such that 
the n th ionization energy lf\ to form the cation AT* from M l "'°\ where 
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n is an integer, is less than the binding energy of the bydrino hydride ion 



According \ 0 another rechargeable battery embodiment, the 
oxidized reductant comprises a source of hydrino hydride ions such as 
5 increased binding energy hydrogen compounds. The application of Hie 
proper voltage oxidizes the reduced oxidant to a desired oxidation state 
to form the oxidant of the baitery and reduces the oxidized reductant to 
a desired oxidation state to form the reduciant. The hydrino hydride 
ions complete a circuit by migrating from the anode compailrnent 402* to 

10 the cathode compartment 401' through the salt bridge 420*. The salt 
bridge 420* may be formed by an anion conducting membrane or an 
anion conductor. The reduced oxidant may be. for example, iron metal, 
and the oxidized reductant having a source of hydrino hydride ions may 
be, for example, potassium hydrino hydride ( K % H'(\ I //))■ The application 

15 of a proper voltage oxidizes the reduced oxidant \Fe) to the desired 

oxidation state (tV) to form the oxidant </>*"(//' (I //*)) where p of the 

hydrino hydride ion is an integer from It to 20). The application of the 
proper voltage also reduces the oxidized reductant (A") to the desired 
oxidation state ( K) to form the reductant (potassium metal). The 
2 0 hydrino hydride ions complete the circuit by migrating from the anode 
compartment 402' to die cathode compartment 40 T through the salt 
bridge 420'. 

In an embodiment of the battery, the reductant includes a source 
of protons wherein the protons complete the circuit by migrating from 

2 5 the anode compartment 402' to the cathode compartment 401' through 

the sail bridge 420\ The salt bridge may be a proton conducting 
membrane and/or a proton conductor such as solid state perovskite-lype 
proton conductors based on SrCeO, such as SrC^. ? Y QVS Nb V02 O,^ and 
SrCtO^Yha^O.- silphn. Sources of protons include compounds comprising 

3 0 hydrogen atoms, molecules, and/or protons such as the increased binding 

energy hydrogen compounds, water, molecular hydrogen, hydroxide, 
ordinary hydride ion, ammonium hydroxide, and HX wherein X" is a 
halogen ion. For example, oxidation of the reductant comprising a source 
of protons generates protons and a gas which may be vented while 
3 5 operating the battery. 



H~\ — I where p is an integer greater than 1. 
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In another embodiment of a rechargeable battery, application of a 
voltage oxidizer; ihe reduced oxidant to ihc desired oxidation state to 
form the oxidant, and reduces the oxidized rcductant to a desired 
oxidation state to form the rcductant. Protons complete the circuit by 

5 migrating from the cathode compartment 401* to the anode compartment 
402' through the salt bridge 420' such as a proton conducting membrane 
and/or a proton conductor. 

In an embodiment of the battery, the oxidant and/or rcductant are 
molten with heat supplied by the internal resistance of the battery or by 

I 0 external heater 450'. Hydrino hydride ions and/or protons of the molten 
battery rcactams complete the circuit by migrating through the salt 
bridge 420'. 

In another embodiment of the battery* the cathode compartment 
40T and/or the cathode 405* may formed by. lined by, or coated with at 

1 5 least one of the following I ) a materia) that is resistant to oxidation such 

as increased binding energy hydrogen compounds; 2.) a materia) which is 
oxidised by the oxidani such that a protective layer is formed, e.g., an 
anion impermeable layer that prevents further oxidation wherein the 
cathode layer is electrically conductive; 3.) a material which forms a 

2 0 protective layer which is mechanically stable, insoluble in the oxidant 

material, and/or does not diffuse into the oxidant material wherein the 
cathode layer is electrically conductive. 

lo prevent corrosion, the increased binding energy hydrogen 
compounds comprising the oxidant may be suspended in vacuum and/or 

2 5 may be magnetically or electrostatically suspended such that the oxidant 

docs not oxidize the cathode compartment 40I\ Alternatively, the 
oxidant may suspended and/or electrically isolated from the circuit when 
current is not desired. The oxidant may be isolated from the wall of the 
cathode compartment by a capacitor or an insulator. 

3 0 The hydrino hydride ion may be recovered by the methods of 

purification given herein and recycled. 

In an embodiment of the battery, the cathode compartment 401' 
functions as the cathode. 

A higher voltage battery comprises an integer number n of said 
3 5 battery cells in series wherein the voltage of the series, compound cell, is 
about nX 60 volts. 
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30 



1 1 . HYDRINO H YDRID E EXPLOSIVE AND R OCK ET FUE L 

Eq. (7) predicts that a stable hydrino hydride ion will form for the 
parameter p<24. The energy released from the reduction of hydrino 
atoms lo form a hydrino hydride ion goes through a maximum; whereas, 
the magnitude of the total energy of the dihydrino molecule (Eq. (24)) 
continuously increases as a function of p. Thus, as p approaches '24 (he 



reaction of H m {n = I / p) to form 



by the reaction with a 



proton has a low activation energy and releases a thousand times the 
energy of a typical chemical reaction. The reaction of 7H'(n-\l p) to 



I 0 form // ? " 



2c' = 



may also occur by thermal decomposition (Eq. (36)) of 



the^ hydrino hydride compound. Vox example, the reaction of the hydrino 
hydride ion H'(n = 1/ 24) (having a binding energy of about 0.6535 cV) with 

n proton to form dihydrino molecule //;^2c* = — ~— | (having the first 
binding energy of about 8.928 aV) and energy is 



/r(n*i/M)+/r-* //; 



24 J 



+ 2500eV 



(4t) 



where the energy of the reaction is the sum of Eqs. (7) and (24) (which is 
the total energy of the product dihydrino minus the total energy of the 
reaciant hydrino hydride ion). 

A #- <•>. fn>il>.. ~ — „ » „ .i — > i 1 j „ „....:. . r 



r 



2 0 - I / 24) to foim dihydrino molecule //> 



2c = $Hk\ is 
24 J 



2Ar//(* = i/24)— //; 



2c' == ^SSL 
24 



+ 2500eV+2M 



(42) 



where M* is the cation of {he hydrino hydride ion. M is the reduced 
cation, and the energy of the reaction is essentially the sum of two times 
Eqs. (7) and (24) (which is the total energy of the product dihydrino 
minus the total energy 0 f the two reactant hydrino hydride ions). 

One npplicaiion of a hydrino hydride compound is as an explosive. 
The hydrino hydride ion of the compound reacts with a proton to form 
dihydrino (Eq. (41)). Alternatively, the hydrino hydride compound 
decomposes to form dihydrino (e.g. llq. (42)). These reactions release 
explosive power. 

In the proton explosive reaction, a source of protons such as an acid 
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(HFJ1CU1 v SO t ,orHNO y ) or a super acid 

( HF*SbF % ; HCI+ /W 7 C/, ; l!^O y F + SbF>. orH^SO, hSO,(g)) is utilized. An 
explosion is initiated by rapid mixing of ihc hydrino hydride ion 
containing compound wilh the acid or the super-acid. The rapid mixing 
may be achieved by detonation of a conventional explosive proximal to 
the hydrino hydride compound. 

In the a rapid thermal decomposition of a hydrino hydride 
compound to produce an explosive reaction, the decomposition may be 
caused by the detonation of a conventional explosive proximal to the 
hydrino hydride compound or by percussion heating of the hydrino 
hydride compound. For example, a bullet may be tipped with a hydrino 
hydride compound which detonates on impact via percussion heating. 

^ In one preferred embodiment, the cation of the hydrino hydride 
ion in the explosive is the lithium ion {Li*) due to its low mass. 

Another application of the hydrino hydride compounds is as a solid, 
liquid, or gaseous rocket fuel. Rocket propcllant power is provided by 
the reaction of hydrino hydride ion wiih a proton to form dihydrino (Eq. 
(41)) or by the thermal decomposition of hydrino hydride compounds to 
form dihydrino (e.g. Eq. (42)). In ihe former case, a source of protons 
initiates a rocket propcllant reaction by the effective mixing of the 
hydrino hydride ion containing compound with the source of protons. 
Mixing can be carried out by initiation of a conventional locket fuel 
reaction, tn the laner case, the rocket fuel reaction comprises a rapid 
thermal decomposition of hydrino hydride containing compound or 
increased binding energy hydrogen compounds. The thermal 
decomposition may be caused by the initiation of a conventional rocket 
fuel reaction or by percussion heating. In one preferred embodiment of 
the rocket fuel, the cation of the hydrino hydride ion is the lithium ion 
(Lr) due to its low mass. 

One mcihod to isolate and purify a compound containing a hydrino 
hydride ion of a specific p of Eq. (7) is by exploiting the different 
electron affinities of various hydrino atoms. In a first step, hydrino 
atoms are reacted with a composition of matter such as a metal other 
than an alkali or alkaline earth metal which reduces all hydrino atoms 

that form stable hydride ions except that it docs not react with j t( > 

form //"(«-.!/ p) for a given p where p is an integer, because the work 
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function of ihc composition of matter is too high or the free energy of the 
reaction is positive. In a second step, the nonreactivc hydrino aioms arc 
collected and reacted with a source of electrons such as a plasma or an 
alkali or alkaline earth rocial to form /f(n~l/p), including = 1/24), 

wherein hydrino atoms of a higher integer p of Eq. (7) arc nonreactive 
because they do not form stable hydrino hydride ions. For example, an 
atomic beam of hydrinos is passed into a vessel comprising tungsten in 
the first stage, and is allowed to make p<23 hydrino hydride ions, and 
the non reactive hydrinos having p greater than 23 arc allowed to pass 
through to the second stage. In the second stage, only for p=24, a stable 
alkali or alkaline earth hydride is formed. The hydrino hydride ion 
/r(«-1/p), including /r(* = l/24), is collected as a compound by the 

methods described herein for the HYDRINO HYDRIDE REACTOR. 

Another strategy for isolating and purifying a compound containing 
a hydrino hydride ion of a specific p of Ecj. (7) is by ion cyclotron 
resonance spectroscopic methods. In one embodiment, the hydrino 
hydride ion of the desired p of Eq. (7) is captured in an ion cyclotron 
resonance instrument and its cyclotron frequency is excited to eject the 
ion such that it is collected. 

12,_ .ADDITION Al . C/\TA_UYST3 

According i 0 one embodiment of the present invention, catalysis 
are provided which react with ordinary hydride ions and hydnno 
hydride ions to form increased binding energy hydride ions. In addition, 
catalysts arc provided which react with two electron atoms or ions to 
form increased binding energy two-electron atoms or ions. Catalysis arc 
also provided which react with ihrcc-electron atoms or ions to form 
increased binding energy three-electron atoms or ions. In all cases, the 
reactor comprises a solid, mohen. liquid, or gaseous catalyst; a vessel 
containing the reoctant hydride ion. or two- or three-electron atom or 
ion; and the catalyst. The catalysis occurs by reaction of the reaciani 
with the catalyst. Increased binding energy hydride ions arc hydrino 
hydride ions as previously defined. Increased binding energy two- and 
three-electron atoms and ions are ions having a higher binding enerey 
than the known corresponding atomic or ionic species. 

Hydrino hydride ion H'{]f p ) of a desired p can be synthesized by 
reduction of the corresponding hydrino according to Eq. (8). 
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Alternatively, a hydrino hydride ion can be catalyzed lo undergo a 
transition to an increased binding energy state to yield the desired 
hydrino hydride ion. Such a catalyst has a net enthalpy equivalent to 
about the difference in binding energies of the product and the re3Ctant 
5 hydrino hydride ions each given by Eq. <7). For example, the catalyst for 
the reaction 

/rf-U/r(~~-) (4 3) 

\p) \l> + rn) 

where p and m are integers has an enthalpy of about 

Binding Energy of /r -—-] - Binding Energy of //'( - j (44) 

Vp + mJ {pj 

1 0 where each binding energy is given by Eq. (7). Another catalyst has a 

net enthalpy equivalent to the magnitude of the initial increase in 
potential energy of the renctant hydrino hydride ion corresponding to an 
increase of its ceniral field by an integer m. For example, the catalyst for 
the reaction 

/rfi^/rf_L^ (45) 

where p and m are integers has an enthalpy of about 

zk.±l n ±l (4 6) 

4/r/v 

where n is pi, c is the elementary charge. r u the permittivity of vacuum, 

2 0 A catalyst for the transition of any atom, ion. molecule, or 

molecular ion to an increased binding energy state has a net enthalpy 
equivalent lo the magnitude of the initial increase in potential energy of 
the reactant corresponding to an increase of its central field by an 
integer w. For example, the catalyst for the reaction of any two-electron 
2 5 atom with 2>2 lo an increased binding energy state having a final 
central field which is increased by m given by 

Two Election Atom (2) -* Two Electron Atom (Z + m) (47) 
where Z is the number of protons of the atom and m is an integer has an 
enthalpy of about 

30 2[Z-\*»iV' (48) 

where r is the radius of the two electron atom given by Eq. (7.19) of '96 
Mills GUT. The radius is 
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where a. is the Bohr radius, A catalyst for the reaction of lithium to 
increased binding energy stale having a final central field which is 
increased by m has an enthalpy of about 

{Z - 2 + my 

where r x is the radius of the third electron of lithium given by Eq. 
(10.13) of '96 Mills GUT. The radius is 



(49) 
an 



(50) 



a 



J - 



6 



(51) 



2.5559 a. 

A catalyst for the reaction of any three-electron atom having z > 3 to an 
increased binding energy stale having a final central field which is 
increased by m has an enthalpy of about 

{Z- 2 + m)r 



where /, is the radius of the third electron of the three election atom 
giver, by Eq. (20.37) of '96 MKKs GUT. The radius is 

(3 



(52) 



(2-2)- 14 
4r. 



in units of a 



(53) 



where r t the radius of electron one and electron two given by Eq. (49;. 
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}?. E XPERlME KlflL 

12J Ide ntification of Hvdrinos. Dihvdrinos. and H vdrino Hydr ide Io ns 

by XPS (X-r ay Photoelectron Spectrosco py) 

XPS is capable of measuring the binding energy, of each electron 
of an aiom. A photon source with energy E h¥ is used to ionize electrons 
from the sample. The ionized electrons are emitted with energy E tinttH .: 

-5 (54) 
where £ is a negligible recoil energy. The kinetic energies of the emitted 

electrons are measured by measuring the magnetic field strengths 
necessary to have them hit a detector. £ 4 .„,. and E kr are experimentally 
known and are used 10 calculate £ fc , the binding energy of each atom. 
Thus* XPS incontrovenibly identifies an atom. 

Increased binding energy hydrogen compounds are given in the 
Additional Increased Binding Energy Compounds Seclton. The binding 
energy of various hydrino hydride ions and hydrinos may be obtained 
according to Eq. (7) and Eq. (1), jcspectively. XPS was used to confirm 
the production of the « = l/2 to «-|/16 hydrino hydride ions, 
/• /r = 3cVio 73rV, the n-\f2 io n ■= \ M hydrinos, E h = 54.4 eV io 7 17.6 eV. and 
the n-\/7 to /i — I / 4 dihydrino molecules, E h - 62.3 to 248 eV . ' Jn the case 

of hydrino atoms and dihydrino molecules, this range is the lowest 
magnitude in energy. The peaks in this range are predicted to be the 
most abundant. In the case of hydrino hydride ion, /i~I/16 is the most 
stable hydrino hydride ion. Thus, XPS of the energy range 
E b = 3 eVto 73 tV detects these states. XPS was performed on a surface 

withoui background interference to these peaks by the cathode. Carbon 
has essentially zero background from 0 eV to 287 eV as shown in FIGURE 
10. Thus, in the case of a carbon cathode, there was no interference in 
the n =1/2 to «= 1/16 hydrino hydride ion, the 1/2 to #i = l/4 hydrino, 
and the n=i/2 to n-J/4 dihydrino peaks. 

The hydrino hydride ion binding energies according to Eq. (7) arc 
given in TABLE 1, hydrino binding energies according to Eq. (1) appear in 
TABLE 2, and dihydrino molecular binding energies according to Eq. (31) 
are given in TABLE 3. 



TABLE 2. The representative binding energy of the hydrino atom as a 
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function of n, \ic\. (I). 



» (cV) 





I 


13.6 




1 

2 


54.4 


I 0 


1 

3 


122.4 




4 


217.6 



1 5 TABLE 3. The representative binding energy of the dthydrtno molecule 
as a function of «, Eq. (31). 



^ (cV) 



2 0 



2 



15.46 



62.3 



2 3 ~ |39 5 



4 



248 



3 0 13.1.1 Experimental Method of Hydrino Atom and Dihydrino Molecule 

Identification by XPS 



A series of Xf\S analyses were made on a carbon cathode used i 



in 



WO 99/05735 



PCT7US98/14029 



25 



binding energy. 



9 3 

electrolysis of aqueous potassium carbonate by the Zeitlcmoyer Center 
for Surface Studies, Sinclair Laboratory. Lehigh University to identify 
hydrino and dihydrino binding energy peaks wherein the sample was 
thoroughly washed to remove water soluble hydrino hydride compounds. 
5 A high quality spectrum was obtained over a binding energy range of 
300 to OcV. This energy region completely covers the C 2p region as well 
as the region around 55 eV which is the approximate location of the 
H(n = )t2) binding energy, 54.4 eV, the region around 123 eV which is the 
approximate location of the = 3) binding energy, 122.4>V, the region 
10 around 2\Z eV which is ihc approximate location of the //(n=!/4) binding 
energy, 2 17.6 eV. the region around 63 eV which is the approximate 

location of the dihydrino molecule }An = ~* 2c '« ^5 

[ 2' 2 

62.3 fV. the region around \A0eV which is the approximate location of the 
dihydrino molecule /V ? j* r= A; 2c' = binding energy, \39.SeV, and the 

15 region around 250 eV which is the approximate location of the dihydrino 
molecule //; n « I; 2c binding energy, 248 fV. 

Sample «]. The cathode and anode each comprised a 5 crn by 2 
mm diameter high purity glassy carbon rod. The electrolyte comprised 
2 0 0.5? A; K 7 COy (Puiaironk; 99.999%). The ciectroiysis was performed at 

2.75 volts for three weeks. The cathode was removed from the cell, 
thoroughly linscd immediately with distilled water, and dried with a N2 
stream. A piece of suitable size was cut from the electrode, mounted on 
a sample stub, and placed in the vacuum system. 



13.1.2 Results and Discussion 



The 0 to J 200 eV binding energy region of an X-ray Photoclettron 
Spectrum (XPS) of a control glassy carbon rod is shown in FIGURE 10. A 
30 survey spectrum of sample #1 is shown in FIGURE II. The primary 

elements are identified on the figure. Most of the unidentified peaks are 
secondary peaks or loss features associated with the primary elements. 
FIGURE 12 shows the low binding energy range (0-285 eV) for sample 
8L Shown in FIGURE 12 is the hydrino atom //(n = 1/2) peak at a binding 
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energy of 54 eV, the hydrino atom //</> = 1/3) at a binding energy 0 f 122.5 
eV, and the hydrino aiom H{n = \/4) at a binding energy of 218 eV. 
These broad labeled peaks arc the ones of most interest because they fall 
near the predicted binding energy for the hydrino (n = l/2), 54.4 eV r 
5 (n = l/3). 122.4 fV. and (n^l/4), 217.6 eV\ respectively. Although the 

agreement is remarkable, it was necessary to eliminate all other possible 
known explanations before assigning the 54 eV, 122.5 eV, and 218 eV 
features to the hydrino, //(*:= 1/2), H(n = 1/3), and //(„=l/4), respectively. 
As shown below, each of these possible known explanations are 

1 0 eliminated. 

Elements thai potentially could give rise to a peak near 54 eV can 
be divided into three categories: I.) fine siructure or loss features 
associated with one of the major suifacc components, namely carbon (C) 
or potassium {K)\ 7. ) elements that have iheir primary peaks in the 
15 vicinity of 54 eV, namely lithium (Li); 3.) elements that have their 

secondary peaks in the vicinity of 54 e.V, namely iron (fV). In the case 
of fine structure or loss features, carbon is eliminated due to the absence 
of such fine structure or loss features associated with carbon as shown in 
the XPS spectrum of pure carbon, FIGURE 10. Potassium is eliminated 

2 0 because the shape of the 54 cY feature is distinctly different from the 

recoil feature as shown in FIGURE 14. Lithium {Li) and iron ( Fv) arc 
eliminated due to the absence of the other peaks of these elements, some 
of which would appear with much greater intensity than the peak of 
about 54 eV (e.g. the 710 and 723 eV peaks of Ft are missing from the 

2 5 survey scan and the oxygen peak at 23 eV is too small to be due to UO). 

These XPS results are consistent with the assignment of the broad peak 
at 54 eV to the hydrino, //(/»= 1/ 2). 

Elements that potentially could give rise to a peak near 122.4 eV 
can be divided into two categories: fine structure or loss features 

3 0 associated with one of the major surface components, namely carbon ( C); 

elements that "have their secondary peaks in the vicinity of 122.4 cV, 
namely copper (Cu) and iodine </). In the case of fine structure or loss 
feaiures, carbon is eliminated due to the absence of such fine siructure 
or loss feaiures associated with carbon as shown in the XPS spectrum of 
3 5 pure carbon, FIGURH 10. The cases of elements that have their primary 
or secondary peaks in the vicinity of 122.4 eV arc eliminated due 10 the 
absence of the other peaks of these elements, some of which would 
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appear with much greater intensity than the peak of about 122.4 cV (e.g. 
the 620 and 631 cV peaks of / are missing and the 931 and 951 eV 
peaks of Cu are missing). These XPS results are consistent with the 
assignment of the broad peak at 122.5 eV to the hydrino, N(;i = l/3). 
5 Elements that potentially could give rise to a peak near 217.6 eV 

can be divided into two categories: fine structure or loss features 
associated with one of ihe major surface components, namely c3rbon (C); 
fine structure or loss features associated with one of the major surface 
contaminants, namely chlorine (C7) In the case of fine structure or loss 

] 0 features, carbon is eliminated due to the absence of such fine structure 
or loss features associated with carbon as shown in the XPS spectrum of 
pure carbon, FIGURE 10. The case of elements that have their primary 
peaks in the vicinity of 217.6 cV is unlikely because the binding energies 
of chlorine in this region arc 199 eV and 201 eV which does not match 

I 5 the peak at 217.6 cV. Moreover, the flat baseline is inconsistent the 
assignment of a chlorine recoil peak. These XPS results arc consistent 
with the assignment of the broad peak at 218 to /7(n*~ 1/4). 



Shown in FIGURE 13 is the dihydrino //,* 



<i=-; 2c - • | molecular 
2 2 



peak at a binding energy of 63 eV as shoulder on the Na peak. Shown in 
20 FIGURE 12 are the dihydrino // 7 jn 2c * —2-1 molecular peak at a 

r • — -» 

binding energy of 140 eV and the dihydrino H'^n = »; 7c = j 

molecular peak at a binding energy of 249 eV. Although the agreement 
is remarkable, it was necessary to eliminate all other possible 
explanations before assigning the 63 eV, 140 eV, and 249 eV features to 

25 the dihydrino, H^n = I; 2c = i; 2c"= ^j, and 

= ~ : 2c' = —-^j, respectively. 

The only substantia) candidate element that potentially could give 
rise to a peak near 63 eV is Ti\ however, none of the other Ti peaks are 
present, in the case of the 140 eV peak, the only substantial candidate 
3 0 elements are Zn and Pb. These elements arc eliminated because both 

elements would give rise to other peaks of equal or greater intensity (e.g. 
413 eV and 435 eV for Pb and 1021 cV and 1044 eV for Zn) which are 
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absent. In the case of ihc 249 cV peak, .he only substantial candidate 
clement is lib. This clement is eliminated because it would give rise to 
other peaks of equal or greater intensity (e.g. 240, Ml. and 112 fi* 
peaks) which are absent. 

5 The XPS results arc consistent with the assignment of the shoulder 

at 63 eV to Hjn = l 2c'=^j. ,hc split peaks at 140 cV to 

"\ n^;2e=^J. a „d the split peaks at 249 eV to H'\ n - * ; 2c' - 

These results agree with the predicted binding energies given by Fq (31) 
as shown in TABLE 3. 

10 Hydrino atoms and dihydrino molecules may bind with hydrino 

hydride ions forming compounds such as NiH. where n is an integer. 
This is demonstrated in the Identification of Hydrino Hydride Compounds 
by Itme-Of-Flight-Sccondary-lon-Mnss-Spectroscopy (TOFSIMS) Section 
and represents novel chemistry. The presence of hydrino and dihydrino 
peaks is enhanced by the presence of platinum and palladium on this 
sample which can form such bonds. The abnormal breath of the peaks, 
sh.fting of iheir energy, am j , he splitting of peaks is consistent with this 
type of bonding to multiple elements. 

20 13.1.3 Experimental Method of Hydrino Hydride Ion Identification by 

XPS 



A series of XPS analyses were made on a carbon cathodes used in 
electrolysis of aqueous potassium carbonate and on crystalline samples 
by the Zeitlcmoyer Center Tor Surface Studies. Sinclair Laboratory. 
Lehigh University, to identify hydrino hydride ion binding enerev peaks. 
A high quality spectrum was obtained over a binding energy range of 0 
to 300 eV. This energy region completely covers the C 2p resion and the 
region around the hydrino hydride ion binding energies 3 cV ( «-{«- 1/2)) 
30 to 73ef (?r(n = l/l6)). (In some cases, the region around 3 eV was 
difficult to obtain due to sample charging). Samples 02 and «3 were 
prepared as follows: 



13.1.3.1 Carbon Electrode Samp] 

3 5 
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Sample U2. The cathode and anode each comprised a 5 cm by 2 
mm diameter high purity glassy carbon rod. The electrolyte comprised 
0.57 M K,CO, (Puratronic 99.999%). The electrolysis was performed at 
2.75 volts for three weeks. The cathode was removed from the cell, 
5 rinsed immediately with distilled water, and dried with a N2 stream. A 
piece of suitable sixc was cut from the electrode, mounted on a sample 
stub, and placed in the vacuum system. 

Sample #3. The remaining portion of the electrode of sample #2 
I 0 was stored in a sealed plastic bag for three months at which lime a piece 
of suilable size was cut from the electrode, mounted on a sample stub, 
placed in the vacuum system, and XPS scanned. 

13.1.3.2 Crystal Samples from an Electrolytic Cell 

1 5 Hydrino hydride compounds were prepared during the electrolysis 

of an aqueous solution of K 7 CO y corresponding to the catalyst K* I K\ The 

cell comprised a 10 gallon (33 in. x 15 in.) Nalgene tank (Mode! ft 54100- 
0010). Two 4 inch long by 1/2 inch diameter terminal bolts were 
secured in the lid, and a cord for a calibration heater was inserted 

2 0 through the lid. The cell assembly is shown in FIGURE 2. 

The cathode comprised I.) a 5 gallon polyethylene bucket which 
served as a perforated (mesh) support structuie where 0.5 inch holes 
were drilled over all surfaces at 0.75 inch spacings of the hole centers 
and 2.) 5000 meters of 0.5 mm diameter clean, cold drawn nickel wire 

2 5 (Nl 200 0.0197", HTN36NOACI. Al Wire Tech, Inc.). The wire was 

wound uniformly around the outside of the mesh support as 150 sections 
of 33 meter length. The ends of each of the 150 sections were spun to 
form three cables of 50 sections per cable. The cables were pressed in a 
terminal connector which was bolted to the cathode terminal post. The 

3 0 connection was covered with epoxy to prevent corrosion. 

The anode comprised an array of 15 platinized titanium anodes (10 
- Engelhard Pt/Ti mesh 1.6" x 8 M with one 3/<T by T stem attached to 
the J .6" side plated with 100 U series 3000; and 5 - Engelhard 1" 
diameter x 8" length titanium lubes with one 3/4" x 7" stem affixed to 
3 5 the interior of one end and plated with 100 U Pi series 3000). A 3/4" 

wide tab was made at the end of the stem of each anode by bending it at 
a right angle to the anode. A 1/4" hole was drilled in the renter of each 
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tab. The labs were bolted lo a 12.25" diameter polyethylene disk 
(Rubbermaid Model tf)N2-2669) equidistantly around the circumference. 
Thus, an array was fabricated having ihe 15 anodes suspended from the 
disk. The anodes were bolted with 1/4" polyethylene bolts. Sandwiched 
5 between each anode tab and the disk was a flattened nickel cylinder also 
bolted to the tab and the disk. The cylinder was made from a 7.5 cm by 
9 cm long x 0.125 mm thick nickel foil. The cylinder traversed the disk 
and the other end of each was pressed about a JO AWG/600 V copper 
wire. The connection was sealed with shrink tubing and cpoxy. The 
I 0 wires were pressed into two terminal connectors and bolted to the anode 
terminal. The connection was covered with cpoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HCL for 5 
minutes and rinsed with distilled water. The cathode was cleaned by 
placing it in a tank of 0.57 M K 2 CO } t}% H,0 2 for 6 hours and then rinsing 

1 5 it with distilled water. The anode was placed in the support between the 

central and outer cathodes, and the electrode assembly was placed in the 
tank containing electrolyte. The power supply was connected to the 
terminals with battery cables. 

The electrolyte solution comprised 28 liters of 0.57 M K 7 CO % (Alfa 

2 0 K.COy 99±%). 

The calibration heater comprised a 57.6 ohm 1000 watt Incolloy 
800 jacketed Nichrome heater which was suspended from the 
polyethylene disk of the anode array. It was powered by an Invar 
constant power (i 0.1% supply (Model #TP 36-18). The voltage {+ 0.1%) 

2 5 and current (± 0.1%) were recorded with a Fluke 8600A digital 

multimeter. 

Electrolysis was performed at 20 amps constant current with a 
constant current (± 0 02%) power supply (Kcpco Model ff ATE 6 - 100M). 
The voltage (± 0.1%) was recorded with a Fluke 8600A digital 

3 0 multimeter. The current (i 0.5%) was read from an Ohio Scmiironics 

CTA 101 current transducer. 

The temperature (± 0.1 *C) was recorded with a microprocessor 
thermometer Omega HH21 using a type K thermocouple which was 
inserted through a 1/4" hole in the tank lid and anode array disk. To 
3 5 eliminate the possibility thai temperature gradients were present, the 
temperature was measured throughout the tank. No position variation 
was found to within the detection of the thermocouple 
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(± 01 °C). 

The temperature rise above ambient {AT = T(elearotysis only)-T(bhnk)) 
and electrolysis power were recorded daily. The heating coefficient was 
determined "on the fly" by turning an internal resistance heater off and 
5 on. and inferring the cell constant from the difference between the losses 
with and without the heater. 20 watis of heater power were added to 
the electrolytic cell every 72 hours where 24 hours was allowed Tor 
steady state to be achieved. The temperature rise above ambient 
( A7, -T{tUctrolysis + heater)-lXb\cink)) was recorded as well as the 
I 0 electrolysis power and heater power, 

hi all temperature measurements, the "blank" comprised 28 liters 
of water in a 10 gallon (33" x 15") Nalgene tank with lid (Model K54I00- 
00W)). The stirrer comprised a 1 cm diameter by 43 cm long glass rod to 
which an 0.8 cm by 2.5 cm Teflon half moon paddle was fastened at one 

1 5 end. The other end was connected to a variable speed stirring motor 

(Talboys Instrument Corporation Model 0 I075C). The stirring rod was 
rotated at 250 RPM 

The "blank" (nonelectrolysis cell) was stirred to simulate stirring in 
the electrolytic cell due to gas sparging. The one wall of heat from 

2 0 stirring resulted in Hie blank cell operating al 0.2 °C above ambient. 

The temperature (± 0.1 °C) of the "blank * was recorded with a 
microprocessor thermometer (Omega HH2I Scries) which was inserted 
through a 1/4" hole in the tank lid. 

A cell thai produced 6.3X10*7 of enthalpy of formation of 

2 5 increased binding energy hydrogen compounds was operated by 

BlackLight Power, Inc. (Malvern, PA), hereinafter "BLP Electrolytic Cell*. 
The cell was equivalent to that described herein. The cell description is 
also given by Mills ct al. |R. Mills. W. Good, and R. Shaubacb. Fusion 
Technol. 25. 103 (1994)) except that it lacked the additional central 

3 0 cathode. 

Thcrrnacorc Inc. (Lancaster, PA) operated an electrolytic cell 
described by Mills et al. (R. Mills, W. Good, and R. Shaubach. Fusion 
Technol. 25, 103 (1994)) herein after "Thermacore Electrolytic Cell". This 
cell had produced an enthalpy of formation of increased binding energy 
3 5 hydrogen compounds of 1.6 X 10* J that exceeded the tola! input enthalpy 
given by the product of the electrolysis voltage and current over time by 
a factor greater than 8. 
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Crystals were obtained from the electrolyte as samples «4, #5 It 6 
#7. 88. 09. and #9A: * " ' 

5 Sample 84. The sample was prepared by filtering the K,CO, 

electrolyte of the BLP Electrolytic Cell described in the Crystal Samples 
from an Electrolytic Cell Scciion with a Whatman 1 10 mm filter paper 
(Cat. No 1450 110) to obtain white crystals. XPS was obtained by 
mounting the sample on a polyethylene support. Mass spectra (mass 
I 0 spectroscopy electrolytic cell sample 114) and TOFSIMS (TOFSIMS sample 
#5) were also obtained. 

Sample #5. The sample was prepared by acidifying the K,CO t 
electrolyte from .be BU> Electrolytic Cell with UNO,, and concentrating 
the acidified solution until yellow-white crystals formed on standing at 
room temperature. XPS was obtained by mounting the sample on a" 
polyethylene .support. The mass spectra of a similar sample (mass 
spectroscopy electrolytic cell sample «3). TOFSIMS spectra (TOFSIMS 
sample «6). and TGA/DTA (TGA/DTA sample »2) was also obtained 
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Sample #6. The sample was prepared by concentrating the K,CO x 
electrolyte from the Thermacore Electrolytic Cell described in the Crystal 
•Samples from an Electrolytic Cell Section until yellow-white crystals just 
formed. XPS was obtained by mounting the sample on a polyethylene 
support. XRD (XRD sample #2). TOFSIMS (TOFSIMS sample #1), FTIR 
(FTIR sample #1), NMR (NMR sample »1). ESITOFMS(ES1TOFMS sample 
#2) were also performed. 

Sample tf7. The sample was prepared by concentrating 300 cc of 
the K,CO, electrolyte from the BLP Electrolytic Cell using a rotary 
evaporator at 50 «C until a precipitate just formed. The" volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 
until the crystals disappeared. Crystals were then grown over three 
weeks by allowing the saturated solution to stand in a sealed round 
bottom flask for three weeks at 25^'. The yield was 1 g. The XPS 
spectrum of the crystals was obtained by mounting the sample on a 
polyethylene support. The TOFSIMS (TOFSIMS sample «8). »K NMR ( n K 
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NMR sample tfl), Rnman spectroscopy (Raman sample tf4), nod ESITOFMS 
(ESITOFMS sample H3) were also obtained. 

Sample J/8. The sample was prepared by acidifying 100 cc of the 
5 K 2 CO y electrolyte from the BLP Electrolytic Cell with H 2 SO>. The solution 
was allowed to stand open for three months at room temperature in a 
250 mi beaker. Fine while crystals formed on the walls of the beaker by 
a mechanism equivalent to thin layer chromatography involving 
atmospheric water vapor as the moving phase and the Pyrex silica of the 
1 0 beaker as the stationary phase. The crystals were collected, and XPS was 
performed. TOFSIMS (TOFSIMS sample #11) was also performed. 

. Sample «9. The caihode of a K,CO y electrolytic cell run at Idaho 
National Engineering Laboratories (INEL) for 6 months that was identical 
I 5 to that of described in the Crystal Samples from an Electrolytic Cell 

Section was placed in 28 liteis of 0.6M KXOJ\Q% H 7 0 2 . 200 cc of the 
solution was acidified with UNO,. The soluiion was concentrated io 100 
cc and allowed to stand for a week until large clear pentagonal crystals 
formed. The crystals were filtered, and XPS was performed. 



20 



25 



Sample «9A. The caihode of a K,CO, electrolytic cell run at Idaho 
National Engineering Laboratories (INEL) for 6 months that was identical 
to that of described in the Crystal Samples from an Electrolytic Cell 
Section was placed in 28 liters of 0.6M K,CO y /\0% W,0>. 200 cc of the 
solution was acidified with HNO v The solution was allowed to stand open 
for three months at room temperature in a 250 ml beaker. White 
nodular crystals formed on the walls of the beaker by a mechanism 
equivalent to thin layer chromatography involving atmospheric water 
vapor as ;hc moving phase and the Pyrex silica of the beaker as the 
stationary phase. The crystals were collected, and XPS was performed. 
TOFSIMS (TOFSIMS sample #12) was also performed. 

13.1.4 Results and Discussion 

3 5 The low binding energy range (0-75 cV) of the glassy carbon rod 

cathode following electrolysis of a 0.57M K 2 CO, electrolyte before (sample 
#2) and after (sample U 3) storage for three months is shown in FIGURE 
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14 and FIGURE 15. respectively. For the sample scanned immediately 
following electrolysis, the position of the potassium peaks. K. and the 
oxygen peak. O, are identified in FIGURE 14. The high resolution XPS of 
the same electrode following three months of storage is shown in FIGURE 
5 15. The hydrino hydride ion peaks H (n = l/p) for p=r2 to />=I2, the 
potassium peaks. K. and the sodium peaks. No. and the oxygen peak. O 
(which is a minor contributor since it must be smaller than the potassium 
peaks) arc identified in FIGURE 15. (Further hydrino hydride ion peaks 
to ^16 were identified in the survey scan in the region 65 cV to 73 eV 
I 0 (not shown)). The peaks at the positions of the predicted binding 
energies of hydrino hydride ions significantly increased while the 
potassium peaks at 18 and 34 significantly deceased relatively. Sodium 
peaks at 1072 eV and 495 cV (in the survey scan (not shown)) 64 cV 
and 31 eV (FIGURE 15) also developed with storage. The mechanism of 
the enhancement of the hydrino hydride ion peaks on storasc is crystal 
growth from the bulk of the electrode of a predominantly sodium 
hydrino hydride. (X-ray diffraction of crystals grown on a stored nickel 
cathode showed peaks that could not be assigned to known compounds 
as given in .he Identification of Hydrino Hydride Compounds by XRD 
Section.) These changes with storage substantially eliminate impurities 
as the source of the peaks assigned to hydrino hydride ions since 
impurity peaks would broaden and decrease in intensity due to oxidation 
if any change would occur at all. 

Isolation of pure hydrino hydride compounds from the electrolyte 
is the means of eliminating impurities from the XPS sample which 
concomitantly dispositively eliminates impurities as an alternative 
assignment .o the hydrino hydride ion peaks. Samples #4. «5. and #6 
were pur.f.ed from a K,CO, electrolyte. The survey scans are shown in 
FIGURES 16. 18. and 20. respectively, with the primary elements 
identified. No impurities are present in the survey scans which can be 
assigned to peaks in the low binding energy region with the exception of 
sodium at 64 and 31 eV. potassium at 18 and 34 eV, and oxygen at 23 
eV. Accordingly, any other peaks in this region must be due lo novel 
compositions. 

The hydrino hydride ion peaks H(n = Up) f or P = 2 to /> = J6 and the 
oxygen peak, 0. aie identified for each of the samples #4. «5. and #6 in 
FIGURES 17. 19. and 21. respectively. In addition, the sodium peaks, No, 



WO 99/05735 



PCTOJS98/I4029 



103 



of sample M and sample 35 arc identified in FIGURE 17 and FIGURE 19, 
respectively. The potassium peaks. K t of sample #5 and sample ff 6 arc 
identified in FIGURE 19 and FIGURE 21 , respectively. The low binding 
energy range (0 75 eV) XPS spectra of crystals fiom a 0.57 W K y CO, 
electrolyte (sample ff4, U5 W H6. and #7) are superimposed in FIGURE 22 
which demonstrates that the correspondence of the hydrino hydride ion 
peaks from the different samples is excellent. These peaks were not 
present in the case of the XPS of matching samples except that Na 2 CO y 
replaced K 7 CO y as the electrolyte. The crystals of sample #5 and sample 
#6 had a yellow color. The yellow color may be due to the continuum 
absorption of //'(*= 1/2) in the near UV, 407 nm continuum. 

During acidification of sample «5 the pH repetitively increased 
from 3 to 9 at which time additional acid was added with carbon dioxide 
release. The increase in pH (release of base by the solute) was 
dependent on the temperature and concentration of the solution. This 
observation was consistent with HCO; release from hydrino hydride 
compounds such as KHKHCO % given in the Identification or Hydrino 
Hydride Compounds by Tirne-Of Flight-Secondary- Ion Mass- 
Spcciroscopy (TOPS I MS) Section. A reaction consistent with this 
observation is the displacement reaction of NO; for HCO^ or CO/". 

The data provide the identification of hydrino hydride ions whose 
XPS peaks can not be assigned to impurities. Several of the oeaks are 
split such as the //{„ = I/4), /r (/,=-- 1 / 5). //>=-- 1/8). H'{n = t / 10), and 

1/1 1) peaks shown in FIGURE 17. The splitting indicates that 
several compounds comprising the same hydrino hydride ion arc present 
and further indicates the possibility of bridged structures of the 
compounds given in the Identification of Hydrino Hydride Compounds by 
Time^OrFlighl Secondary-lon-Mass-Spectfoscopy (TOFS1MS) Section 



such as 




including dimers such as and Na^H,. F1CURF 18 indicates a water 
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soluble nickel compound (Ni is present in the survey scon of sample »5). 



Furthermore, the H* 



n= ■-; 2c = ! 

2 2 



peak is shown in the 0-75 cV scan 



of sample #5 (FIGURE 19). The XPS and TOFSIMS results nre consisteni 
in ihe identification of metal increased binding energy hydrogen 
compounds AW. where n is an integer, M is a metal, and // is an 

increased binding energy hydrogen species. For example, a structure for 
AW 6 is 
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The large sodium peaks of the XPS of ihe stored carbon cathode of a 
K : CO t electrolytic celt (sample S3) and ihe crystals from a tf.CO, 
electrolyte (sample #4) .ndicatc that hydnno hydride compounds 
preferentially form with sodium over potassium. The hydrino hydride 
.on peak W>=!/8) shown in FIGURES 15. 19. and 21 ai a binding energy 
of 36.1 eV is broad doe to a contribunon from the toss feature of 
potassium at 33.-V that superimposes the hyd.ino hydride ion peak 

1/8) in these XPS scans. The data further indicate that the 
distribution of hydrino hydride ions tends to successively lower states 
over time. From Eq. (7). the most stable hydrino hydride ion is 
/.(/.= 1/16) which is predicted to be the favored product over time. No 
hydrino hydride ion states of higher binding energy were detected. 

The stacked high resolution X-ray Pbotoclcciron Spectra (XPS) (0 to 
75 cV binding energy , e| j 0 n) in the order from bottom to top of sample 
«8. sample «9. and sample 09A is given in FIGURE 21 The hydrino 
hydride ions H { n ,l/ p ) for p=3 to ,= 16 were observed. In each case, 
the intensity of the hydrino hydride ion peaks were observed to increase 
rclanvc to the starting material. The spectrum for sample «9 confirms 
that hydrino hydride compounds were purified by acidification with 
mine acid followed by precipitation. The spectra for sample «8 and 
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sample f?9A confirm that hydrino hydride compounds were purified by a 
mechanism equivalent to thin layer chromatography involving 
atmospheric water vapor as the moving phase and the Pyrex silica of the 
beaker as the stationary phase. 

5 

J3.J — U^Ocajisft^^ 
Spectroscopy 

Elemental analysis of the electrolyte of the 28 liter K 7 CO % BLP 
I 0 Electrolytic Cell demonstrated thai the potassium content of the 

electrolyte had decrease from the initial 56% composition by weight to 
33% composition by weight. The measured pM was 9.85; whereas! the pH 
at the initial time of operation was 11.5. The pll of the Thermacorc 
Electrolytic Cell was originally 11.5 corresponding lo the /c\CO t 

1 5 concentration of 0.57 M which was confirmed by elemental analysis. 

Following the 15 month continuous energy production run, the pH was 
measured to be 9.0<1. and it was observed by drying the electrolyte and 
weighing it that over 90% of the electrolyte had been lost from the cell. 
The loss of potassium in both cases was assigned to the formation of 

2 0 volaiilc potassium hydrino hydride compounds whereby hydiino was 

produced by catalysis of hydrogen atoms that then reacted wiih water to 
form hydrino hydride compound and oxygen. The reaction is: 

2^j+|/ ) o^2/r(l/»*2/r + -0, (55) 
2/TQ / p) + 2K 2 CO y * 2//' ~> 7KHCO, +7KH{\ i „) (56) 



25 



2 "[^] + M * 0m¥7K * co > " > 7Kllca * + * i>)-\o : (57) 



This reaction is consistent with the elemental analysis (Galbraith 
Laboratories) of the electrolyte of the ..BlackLight Power, Inc. cell as 
predominantly KHCO, and hydrino hydride compounds including 
KH[\/p) ml where n is an integer, based on ihe excess hydrogen content 
3 0 which was 30% in excess of that of KliCO, (1.3 versus I atomic percent). 
The volatility of KH(l/ p ) n . where n is an integer, would give rise to a 
potassium deficit over time. 

The possibility of using mass spectroscopy to detect volatile 
hydrino hydride compounds was explored. A number of hydrino 



WO 99/0S735 



FCTAJS98/M029 



106 

hydride compounds were identified by mass spectroscopy by forming 
vapors of healed crystals from electrolytic cell, gas cell, gas discharge 
cell, and plasma torch cell hydrino hydride reactors. In all cases, hydrino 
hydride ion peaks were also observed by XPS of ihe crystals used for 
5 mass spectroscopy that were isolated from each hydrino hydride reactor. 
For example, the XPS of the crystals isolated from ihe electrolytic cell 
hydride reactor having the mass spectrum shown in FIGURES 25A-25D is 
shown in FIGURE 17. The XPS of the crystals isolated from the 
electrolytic cell hydride reactor by a similar procedure as ihe crystals 
1 0 having the mass spectrum shown in FIGURE 24 is shown in FIGURE 19. 



J 3.2.1 Sample Collection and Preparation 

A reaction for preparing hydrino hydride iotveonfaimuz 

1 5 compounds is given by Eq. (8). Hydrino atoms which react to form 

hydrino hydride ions may be produced by !.) an electrolytic cell hydride 
reactor. 2.) a gas tell hydrino hydride reactor. 3.) a gas discharge cell 
hydrino hydride reactor, or 4.) a plasma torch cell hydrino hydride 
reactor. Each of these reactors was used to prepare crystal samples for 

2 0 mass spectroscopy. The produced hydrino hydride compound was 

collected directly, or was purified from solution by precipitation and 
rccrystallization. In the case of one electrolytic sample, the K.CO % 
clcc;ro?y»e was made Srvi in LiNO % and acidified with HNQ before crystals 
were precipitated. In two other electrolytic samples, ihe K 7 CO x 
2 5 electrolyte was acidified with HNO, before crystals were precipitated on 
a crystallization dish. 



1 3.2. LI Electrolytic Sample 

Hydrino hydride compounds were prepared during the electrolysis 
of an aqueous solution of K : CO y corresponding to the transition catalyst 

K" f K\ The cell description is given in the Crystal Samples from an 
Electrolytic Cell Section. The cell assembly is shown in FIGURE 2. 

Crystal samples were obtained from the electrolyte as follows: 

I.) A control electrolytic cell that was identical to the experimental 
cell of 3 and 4 below except thai Na 3 CO^ replaced KXc?, was operated at 
Idaho National Engineering Laboratory (INEL) for 6 months. The Na,CO> 
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electrolyte was concentrated by evaporation until crystals formed. The 
crystals were analyzed at BlackLight Power, Inc. by mass spectroscopy. 

2. ) A fwther contiol comprised the K 7 CO y used as the electrolyte of 
5 the IN EL /C,CO, electrolytic cell (Alfa K 7 CO y 99+%). 

3. ) A crystal sample was prepared by: I.) adding UNO) to the tf,CO, 
electrolyte from the BLP Electrolytic Cell to a final concentration of 1 M; 
2.) acidifying ihe solution wiih //WO,, and 3.) concentrating the acidified 

1 0 solution until yellow-while crystals formed on standing at room 

temperature. XPS and mass spectra were obtained. XPS (XPS sample 
#5). TOFSIMS (TOFSIMS sample »6), and TGA/DTA (TGA/DTA sample »2) 
of -similar samples were performed. 

15 4 -> A crystal sample was prepared by filtering the K 7 CO y electrolyte 

from the BLP Electrolytic Cell with a Whatman 110 mm filter paper {Cat. 
No. 1450 110). In addition to mass spectroscopy, XPS (XPS sample 04) 
and TOFSIMS (TOFSIMS sample #5) were :j!so performed. 

20 5 > nnt * 6 ) Two crystal samples were prepared from the electrolyte 

of the Thermacore Electrolytic Cell by I.) acidifying 400 cc of the KXO, 
electrolyte with HNO y> 2.) concentrating the acidified solution to a volume 
of 10 cc. 3.) placing the concentrated solution on a crystallization dish, 
and 4.) allowing crystals to form slowly upon standing at room 

2 5 temperature. Yellow-white crystals formed on the outer edge of the 

crystallization dish. In addition to mass spectroscopy. XPS (XPS sample 
#10). XRD (XKD samples 83A and #3B), TOFSIMS (TOFSIMS sample #3), 
and FTIR (FTIR sample #4) were also performed. 

3 0 13.2.2 2 Gas Cell Sample 

Mydrino hydride compounds were prepared in a vapor phase g a s 
cell with a tungsten filament and A7 as the catalyst according to Eqs. (3- 
5) and the reduction to hydrino hydride ion (Eq. (8)) occurred in the gas 
phase. Rbl was also used as a catalyst because the second ionization 
3 5 energy of rubidium is 27.28 tV. In this case, the catalysis reaction is 
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27.28 rV + »• + ^ j + , + *[^] H< p - f )X 1 3.6 e V (58) 



/?^-4e* -^/to* +27.28 eV 
And. the overall reaction is 



(59) 



// [^]- > "{ipt ,)] + »>' -/> ? ]*»3.6 rV (60) 

The high temperature experimental gas cell shown in FIGURE 4 was used 
to produce hydrino hydride compounds. Hydrino atoms were formed by 
1 0 hydrogen catalysis using potassium or rubidium ions and hydrogen 
atoms in the gas phase. The cell was rinsed with deionized water 
following a reaction. The rinse was filtered, and hydrino hydride 
compound crystals were precipitated by concentration. 

The experimental gas cell hydrino hydride reactor shown in FIGURE 

1 5 4 comprised a quaiiz cell in the form of a quartz tube 2 live hundred 

(500) millimeters in length and fifty (50) millimeters in diameter. The 
quartz cell formed a reaction vessel. One end of the cell was necked 
down and attached to a fifty (50) cubic centimeter catalyst reservoir 3. 
The other end of the cell was fitted with a Conflat style high vacuum 

2 0 flange thai was mated to a Pyrex cap 5 with an identical Conflat style 

fringe. A high vacuum scat was maintained with a Viton O rin<> and 
stainless steel clamp. The Pyrex cap 5 included five glass-to-metal lubes 
for the attachment of a gas inlet line 25 and gas outlet line 21, two inlets 
22 and 24 for electrical leads 6. and a port 23 for a lifting rod 26. One 

2 5 end of the pair of electrical leads was connected to a tungsten filament 1, 
The other end was connected to a Sorenscn DCS 80-13 power supply 9 
controlled by a custom built constant power controller. Lifting rod 26 
was adapted to lift a quartz plug 4 separating the catalyst reservoir 3 
from the reaction vessel of cell 2. 

30 H t ? a * supplied to the cell through the inlet 25 from a 

compressed gas cylinder of ultra high purity hydrogen 1 I controlled by 
hydrogen control valve 13. Helium gas was supplied to the cell through 
the same inlet 25 from a compressed gas cylinder of ultrahigh purity 
helium 12 controlled by helium control valve 15. The flow of helium and 
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hydrogen lo the cell is further controlled by mass flow controller 10, 

mass flow controller valve 30. inlcl valve 29. and mass flow controller 

bypass valve 31. Valve 31 was closed during f.lling of ihe cell. Excess 

gas was removed through the gas omlet 21 by a molecular drag pump 8 

capable of reaching pressures of 10" lorr controlled by vacuum pump 

valve 27 and outlet valve 28. Pressures were measured by a 0-1000 

lorr Barairon pressure gauge and a 0-100 lorr fJaratron pressure gauge 

7. The filament 1 was 0.381 millimeters in diameter and two hundred 

(200) centimeters in length. The filament was suspended on a ceramic 

support to maintain its shape when heated. The filament was resistively 
heated using powcr suppIy 9 The pQwer su[>pJy wa$ capab)e of 

delivering a constant power to the filament. The catalyst reservoir 3 was 
heated independently using a band heater 20. also powered by a 
- constant power supply. The entire quart?, cell was enclosed inside an 

15 insulation package comprised of Zica. AL-30 insulation M. Several K 
type thermocouples were placed in the insulation to measure key 
icmpcrniurcs of the cell and insulation. The thermocouples were read 
with n multichannel computer data acquisition system. 

The cell was operated under flow conditions with a total pressure 

20 or less than ixvo (2) lorr of hydrogen or control helium via mass How 
controller 10. The filament was healed to a temperature of 
approximately 1000-M00°C as calculated by its .es.stnnce. Th.s created 
a "hot zone-' within the quartz lube as well as atomizaiion of the 
hydrogen gas. The catalyst reservoir was heated to a temperature or 700 

2 5 "C to establish the vapor pressure of the caialyst. The quartz phia 4 

separating the catalyst reservoir 3 from the reaction vessel 2 was 
removed using the lifting rod 26 which was slid about 2 cm through the 
port 23. This introduced the vaporized caialyst into the "hot zone" 
containing the alomic hydrogen, and allowed the catalytic reaction to 

3 0 occur. 

As described above, a number of thermocouples were positioned to 
measure the linear temperature gradient in the outside insulation. The 
gradient was measured for several known inpul powers over the 
cxpcrimenial range with the catalyst valve closed Helium supplied from 
3 5 the tank 12 and controlled by the valves I5 : 29. 30. and 31. and flow 
controller 10 was flowed .hrongh the cell during the calibration where 
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the helium pressure and How rates were identical to those of hydrogen 
in the experimental cases. The thermal gradient was determined to be 
lineaily proportional to input power. Comparing an experimental 
gradient (catalyst valve open/hydrogen flowing) to the calibration 
5 gradient allowed the determination of the requisite power to generate 
that gradient. In this way, calorimetry was performed on the cell to 
measure the heat output with a known input power. The data was 
recorded with a Macintosh based computer data acquisition system 
(PowcrComputing PowcrCenter Pro 180) and a National Instruments Inc 
10 NI-DAQ PC1-MIO-I6XE-50 Data Acquisition Board. 

Enthalpy of catalysis from the gas energy cell having a o asco « s 
transition catalyst (K'/K') was observed with low pressure hydrogen in 
the- presence of potassium iodide (Kl) which was volahlizcd at the 
operating temperature of (he cell. The enthalpy of formation of 
increased binding energy hydrogen compounds resulted in a steady state 
power of about 15 watts that was observed from the quart* reaction 
vessel containing about 200 mtorr of Kl when hydrogen was flowed over 
the hot tungsten filament. However, no excess enthalpy was observed 
when helium was flowed over the hot tungsten filament or when 
hydrogen was flowed over the hot tungsten filament with no Kl present 
in the cell. In a separate experiment Rbl replaced Kl as the sascons 
transition catalyst {Kb'). 

In another embodiment, the experimental gas cell hydrino hydride 
reactor shown in FIGURE <t comprised a Ni fiber mat (30.2 g. F.brcx from 
National Standard) inserted into the inside the quartz cell 2. Hie Ni mat 
was used as the H, dissociator which replaced the tungsten filament I. 
The cell 2 and the catalyst reservoir 3 were each independently encased 
by split type clam shell furnaces (The Mellen Company) which replaced 
die Zicar AL-30 insulation 14 and were capable of operating up to 1200 
°C. The cell and catalyst reservoir were heated independently with their 
heaters to independently control the catalyst vapor pressure and the 
reacon temperature. The H. pressure was maintained at 2 loir at a 

How rate of ~ The Ni mat was maintained at 900 °C, and the Kl 

catalyst was maintained at 700 °C for 100 h. 

The following crystal samples were obtained from the cell cap or 
the cell: 
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i.) and 2.) Crystal samples from Iwo KI catalysis run were 
prepared by !.) rinsing the hydrino hydride compounds from the cap of 
ihe cell where they were preferentially cryopumped, 2.) filtering the 
5 solution to remove water insoluble compounds such as metal, 3.) 
concentrating the solution until a precipitate just formed with the 
solution at 50 °C\ 4.) allowing yellowish-reddish- brown crystals 10 form 
on standing at room temperature, and 5.) filtering and drying the 
crystals before the XPS and mass spectra were obtained. 

10 

3A.) and 3B.) Crystal samples were prepared by rinsing a dark 
colored band of crystals from the top of the cell that were cryopumped 
Ihtre during operation of the cell. The crystals were filtered and dried 
before the mass spectrum was obtained. 

1 5 

4. ) A crystal sample was prepared by I.) rinsing ihe Kl catalyst 
and hydrino hydride compounds from the cell with sufficient water diat 
all water soluble compounds dissolved. 2.) filtering ihe soluiion to 
remove water insoluble compounds such as metal, 3.) concentrating the 

2 0 solution until a precipitate just formed with the solution at 50 D C, 4.) 

allowing while crystals to form on sianding at room temperature, and 5.) 
filtering and drying ihe crysmls before the XPS and mass spectra were 
obtained. The crystals isolated from the cell and used for mass 
spectroscopy studies were recrystallized in distilled water to obtain high 

2 5 purity crystals for XPS. 

5. ) A crystal sample from a Rbl catalysis run was prepared by 1.) 
rmsmg the hydrino hydride compounds from the cap of the cell where 
they were preferentially cryopumped. 2.) filtering the solution to remove 

3 0 water insoluble compounds such as metal, 3.) concentrating the solution 

until a precipitate just formed with the solution at 50 °C\ 4.) allowing 
yellowish crystals to form on standing at room temperature, and 5.) 
filtering and drying the crystals before the XPS and mass spectra were 
obtained. 

35 



13.2.2.3 Gas Discharge Cell Sample 

Hydrino hydride compounds can be synthesized in a hydrogen gas 
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discharge cell wherein transition catalyst is present in the vapor phase. 
The transition reaction occurs in the gas phase with a catalyst that is 
volatilized from the electrodes by the hot plasma current. Gas phase 
hydrogen atoms are generated with the discharge. 
5 Experimental discharge apparatus of FIGURE 6 comprises a gas 

discharge cell 507 (Sargent-Welch Scientific Co. Cat. No. S 68755 25 
watts, 115 VAC, 50 60 Hz), was utilized to generate hydrino hydride 
compounds. A hydrogen supply 580 supplied hydrogen gas to a 
hydrogen supply line valve 550. through a hydrogen supply line 544. A 
I 0 common hydrogen supply line/vacuum line 542 connected valve 550 to 
gas discharge cell 507 and supplied hydrogen to the cell. Line 542 
branched to a vacuum pump 570 via a vacuum line 543 and a vacuum 
line, valve 560. The apparatus further contained a pressure gage 540 for 
monitoring the pressure in line 542. A sampling line 545 from line 542 

1 5 provided gas to a sampling port 530 via a sampling line valve 535. The 

lines 542, 543, 544, and 545 comprise stainless steel tubing hermetically 
joined using Swagelok connectors. 

With the hydrogen supply line valve 550 ond the sampling line 
valve 535 closed and the vacuum line valve 560 open, the vacuum pump 

2 0 570, the vacuum line 543, and common hydrogen supply line/vacuum 

line 542 were used to obtain a vacuum in the discharge chamber 500. 
With the sampling line valve 535 and (he vacuum line valve 560 closed 
and iJic hydrogen suppiy iine vaive 550 open, the gas discharge ceil 50? 
was filled with hydrogen at a controlled pressure using the hydrogen 

2 5 supply 580, the hydrogen supply line 544. and the common hydrogen 

supply line/vacuum line 542. With the hydrogen supply line valve 550 
and the vacuum line valve 560 closed and the sampling line valve 535 
open, the sampling port 530 and the sampling line 545 were used to 
obtain a gas sample for study by methods such as gas chromatography 

3 0 and mass spectroscopy. 

The gas discharge cell 507 comprised a 10" flint glass (1/2" ID) 
vessel 501 defining a vessel chamber 500. The chamber contained a 
hollow cathode 510 and an anode 520 for generating an arc discharge in 
low pressure hydrogen. The cell electrodes (1/2" height and IV4" 
3 5 diameter), comprising the cathode and anode, were connected to a power 
supply 590 with stainless steel lead wires penetrating the top and 
bottom ends of the gas discharge cell. The cell was operated at a 
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hydrogen pressure range of 10 miHiloir to 100 lorr and a current under 
10 mA. During hydrino hydride compound synthesis, ihe anode 520 and 
cathode 510 were coaled with a potassium salt such as a potassium 
halide catalysi (e.g. Kl). The catalyst was introduced inside the gas 
5 discharge cell 507 by disconnecting Ihe cell from the common hydrogen 
supply fine/vacuum line 542 and wetting ihe electrodes with a saturated 
water or alcohol catalyst solution. The solvent was removed by drying 
the cell chamber 500 in an oven, by connecting ihe gas discharge cell 507 
to the common hydrogen supply line/vacuum line 542 shown in FIGURE 
1 0 6, and pulling a vacuum on the gas discharge cell 507. 

The synthesis of hydrino hydride compounds using ihe apparatus 
of FIGURE 6 comprised the following steps: (I) putting the catalyst 
solution inside the gas discharge eel) 507 and drying it to form a catalyst 
coating on the electrodes 510 and 520; (2) vacuuming the eas discharge 

1 5 cell at 10-30 mtorr for several hours to remove any contaminant oases 

and residual solvent; and (3) filling the gas discharge cell with a few 
miorr io 100 torr hydrogen and carrying out an arc discharge for at least 
0.5 hour. 

Samples were prepared from ihe preceding apparatus by I.) 

2 0 rinsing the catalyst from the cell with sufficient water that all water 

soluble compounds dissolved, 2.) filtering the solution io remove waier 
insoluble compounds such as metal. 3.) concentrating the solution until a 
prcciphaic just formed with the solution at 50 °C, 4.) allowing crystals io 
form on standing at room temperature, and 4.) filtering and drying the 

2 5 crystals before the XPS and mass spectra were obtained. 

13.2.2.4 Plasma Torch Sample 

Hydrino hydride compounds were synthesized using an 
experimental plasma torch cell hydride reactor according to FIGURE 7, 

3 0 using Kl as the catalysi 714. The catalyst was contained in a catalyst 

reservoir 716. The hydrogen catalysis reaction to form hydrino (Eqs. <3* 
5)) and the reduction to hydrino hydride ion (Eq. (8)) occurred in the sas 
phase. The catalyst was aerosolized into the hot plasma. 

During operation, hydrogen flowed from the hydrogen supply 738 
3 5 to the catalyst reservoir 716 via passage 742 and passage 725 wherein 

the flow of hydrogen was controlled by hydrogen flow controller 744 and 
valve 746. Argon plasma gas flowed from ihe plasma gas supply 712 
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directly 10 the pfosma torch via passage 732 and 726 and to the catalyst 
reservoir 716 via passage 732 and 725 wherein the flow of plasma gas 
was controlled by plasma gas flow controller 734 and valve 736. The 
mixture of plasma gas and hydrogen supplied to ihc torch via passage 

5 726 and to the catalyst reservoir 716 via passage 725 was controlled by 
the hydrogen plasma-gas mixer and mixture flow regulator 721. The 
hydrogen and plasma gas mixture served as a carrier gas for catalyst 
particles which were dispersed into the gas stream ns fine particles by 
mechanical agitation. The mechanical agitator comprised the magnetic 

0 stirring bar 718 and the magnetic stirring motor 720. The aerosolized 
caialysl and hydrogen gas of the mixture flowed into the plasma torch 
702 and became gaseous hydrogen atoms and vaporized catalyst ions (K* 
ions from Kl) in die plasma 704. The plasma was powered by 
microwave generator 77.4 (Astex Model SI 5001). The microwaves were 

5 tuned by the tunable microwave cavity 722. 

The amount of gaseous catalyst was controlled by controlling the 
rate that catalyst was aerosolized with the mechanical agitator and the 
carrier gas flow rate where the carrier gas was a hvdroscn/arson °as 
mixture. The amount of gaseous hydrogen atoms was controlled by 

0 controlling the hydrogen flow rate and the ratio of hydrogen 10 plasma 
gas in the mixture. The hydrogen flow rate, the plasma gas flow rate, 
and the mixture directly to the torch and the mixture to the catalyst 
reservoir were ccnhOueu with flow raie controllers 734 and 744, valves 
736 and 746. and hydrogen-plasma-gas mixer and mixture flow 

5 regulator 721. The aerosol flow rates were 0.8 standard liters per 

minute (slm) hydrogen and 0.15 slm argon. The argon plasma How rate 
was 5 slm. The catalysis rate was also controlled by controlling the 
temperature of the plasma with the microwave generator 724. The 
forward input power was 1000 W, the reflected power was 10-20 W. 

0 Hydrino atoms and hydrino hydride ions were produced in the 

plasma 704. Hydrino hydride compounds were cryopumped onto the 
manifold 706, and flowed into the trap 708 through passage 748. A flow 
to the trap 708 was effected by a pressure gradient controlled by the 
vacuum pump 710, vacuum line 750, and vacuum valve 752. 

5 Hydrino hydride compound samples were collected directly from 

the manifold and from the hydrino hydride compound trap. 
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13.2.2 Mass Spectroscopy 

Mass spectroscopy was performed by Blackl.ight Power, Inc. on the 
crystals from the electrolytic cell, ihc gas cell, the gas discharge cell, and 

5 the plasma torch cell hydrino hydride reactors. A Dycor System 1000 
Quadrapole Mass Spectrometer Model KD200MP with a HOVAC Dri-2 
Turbo 60 Vacuum System was used. One end of a 4 mm ID fritted 
capillary tube containing about 5 mg of the sample was sealed with a 
0.25 in. Swagclock union and plug (Swagelock Co., Solon. OH). The other 

I 0 end was connected directly to the sampling port of a Dycor System 1000 
Quadrapole Mass Spectrometer (Model D200MP, Ameiek, Inc.. Pittsburgh, 
PA). The mass spectrometer was maintained at a constant temperature 
of J 15 °C by heating tape. The sampling port and valve were maintained 
al 125 °C with heating tape. The capillary was heated with a Nichrome 

1 5 wire heater wrapped around the capillary. The mass spectrum was 
obtained at the ionization energy of 70 eV (except were indicated) at 
different sample temperatures in the region w/r-O-220. Or, a high 
lesoluiion scan was performed over the region wj/<r-0-il0. Following 
obtaining the mass spectra of the crystals, the mass spectrum of 

20 hydrogen (w/e = 2 and (m/ r = l). water (m/r = l8. m/r-2, and (w/<?=T), 
carbon dioxide (m/c=M4 and m/r-12). and hydrocarbon fragment C//; 
{mfe = 15), and carbon (m/^12) were recorded as a function of time. 

13.2.3 Results and Discussion 

25 

In al) samples, the only usual peaks detected in the mass range 
™/>-Ito?20 were consistent with trace air contamination. Peak 
identifications were compared to the elemental composition. X-ray 
photoelectron spectroscopy (XPS) was performed on all of the mass 

3 0 spectroscopy samples to identify hydrino hydride ion peaks and to 

determine the elemental composition. In al) cases, hydrino hydride ion 
peaks were observed. The crystals of electrolytic cell samples A3. 85, 
and #6, and gas cell samples #1, «2, and «5 had a yellow color. The 
yellow color may be due to the continuum absorption of = 2) in the 

3 5 near UV, 401 nm continuum. In the case of gas cell samples #K #2. and 
J/5, this assignment was supported by the XPS results which showed a 
large peak at the binding energy of IV {n = 1/2), 3 eV (TABLE I). 
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XPS was also used to determine the elemental composition of each 
sample. In addition to potassium, some of the samples produced using a 
potassium catalyst also contained detectable sodium. The sample from 
the plasma torch contained SiO ? and M from the quartz and the alumina 

5 of the plasma torch. 

Similar mass spectra where obtained for all of the samples from 
catalysis runs except as discussed below for the plasma torch sample. A 
discussion of the assignment of the fragments appears below for some 
samples such as gas cell samples tfl and #2 that is representative of the 
1 0 types of compounds observed from the electrolytic cell, gas cell, gas 

discharge cell, and plasma torch cell hydrino hydride reactors as given in 
TABLE 4. In addition, the exceptional compounds produced in the 
plasma torch cell hydrino hydride rector are labeled in FIGURE 36. 

The mass spectrum (mfe = 0-110) of the vapors from the crystals 

1 5 from the electrolyte of the M2 ? C0, electrolytic cell (electrolytic cell sample 

#1) was recorded with a sample heater temperature of 225 °C The only 

usual peaks dctccicd were consistent with trace air contamination. No 

unusual peaks were observed. 

The mass spectrum (m/r = 0-l!0) of the vapors from the K 7 CO y 

2 0 used in the KjCO y electrolytic cell hydrino hydride reactor (electrolytic 

cell sample U2) was recorded with a sample heater temperature of 225 
°C. The only usual peaks detected were consistent with trace air 
contamination. No unusual peaks were observed. 

The mass spectrum (m/*- 0-110) of the vapors from the crystals 

2 5 from the electrolyte of the KjCO, electrolytic cell hydrino hydride reactor 

that was made I M in LiNO y and acidified with HNO^ (electrolytic cell 
sample #3) with a sample heater temperature of 200 °C is shown in 
FIGURE 24. The parent peak assignments of major component hydrino 
hydride compounds followed by the corresponding m!e of the fragment 

3 0 peaks appear in TABLE 4. The spectrum included peaks of increasing 

mass as a function of temperature up to the highest mass observed, 
//i/* = 96, at a temperature of 200 °C and greater. 
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TAF3LB 4. The hydiino hydride compounds assigned as parent peaks 
with the corresponding m/e of the (ragmen! peaks of ihc mass spectrum 
{m(e = 0-200) of the crystals from the electrolytic cell, gas cell, gas 



Hydrino t lydride Compound 1 


/n /c of Parent Peak with Corresponding Fiagmcnts 




4 




24-23 


flfatr{\ip)ir!r(\/p) 


26-2 3 


Na!r(\!p)H;tr{\/p) 


2 8-23 


SiH(\ 1 p), 


30-2 8 


5.7/(1/ p). 


32-2 8 




34 2 8 




3G-2Q 




40-39 


\K'ir{i/p)H'ir[iip) I 


42-39; 40-39 


jrw(i/p)«;//{>/p) 1 


44-39. 43 39; 41-39; 42-39; 40-39; 22 


A/,,.(rt(l / p)) ; 


48-46. ?6-?4 




5014. SI 


tfuS///,, 


57- 51; 58. 34-28; 24-23 


S»,H(l/p), 


60-56; 30-28 


//(I / p)Na,OH 


64-63; 40-39; 24-23 


1 «V t> 
•-»♦>* *fc 


64-56; 36-28 




66-60; 67; 50-44 




73-67; 74; 32-28; 43-39; 41-39; 42-39: 40-39 


Si,«(l / p) t O 


78-72; 48-44; 36-28 




80-78; 43-39; 41-39; 42-39; 40-39 


/C ; M(1 / p), 


81-78; 43-39; 41-39; 42-39; 40-39 


JC ? M(1 / p), 


82-78; 43-39; 41-39: 42-39; 40-39 


K.W(l/p), 


83-78; 43-39; 41-39; 42-39; 40-39 




8 9-83; 90. 60; 50-44 


Si : M[\ l p). 


92-84; 32-28 


H{)tp)K,OH 


9 6-95; 56-5S; 40-39 




96-92; 64-56; 36-28 




110-100; 78-72; 48-44; 36-28 




128-112; 96-92; 64-56; 36 28 
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Si § H t4 0 



142 123; 110-100; 78-7?: €4-56; 48-44; 36-28 



192 168; 120112: 96-92; 64-56; 36-28 



The mass spectrum (mte-Q-\)0) of the vapors from the crystals 
filtered from the electrolyte of the tf ? CO, electrolytic ceH hydrino hydride 

reactor (elcciroiyiic cell sample HA) wiih a sample heater leinperamre of 
5 185 °C is shown in FIGURE 25A. The mass spectrum (m/e»0- 110) 

electrolytic cell sample U with a sample heater temperature of 225 °C is 
shown in FIGURE 25B. The parent peak assignments of major component 
hydrino hydride compounds followed by the corresponding mfc of the 
fragment peaks appear in TABLE 4. The mass spectrum (w/r = 0 - 200) of 
1 0 electrolytic cell sample ff4 wiih a sample heater temperature of 234 »C 
wifh the assignments of major component hydrino hydride silanc 
compounds and silanc fragment peaks is shown in FIGURE 25C. The mass 
spectrum (m/* = 0-200) of electrolytic cell sample fM with a sample 
heater temperature of 249 °C with the assignments of major component 

1 5 hydrino hydride silanc and siioxnnc compounds and silanc fragment 

peaks is shown in FIGURE 25D. Shown in both FIGURE 25C and FIGURE 
25D is the hydrino hydride compound NaSiO>H h (m / e » 89) that has given 
rise to SiO ; (m / e = 60) {disilanc SUi 4 is shown as a fragment from the 
other silancs indicated which also comprises the ,/i/<--60 peak) and 

2 0 fragment SiOH. (m / < - 50). A sttucture for NaSiO-H. 0nie<*M\ is 



The mass spectrum (mte = Q- 110) of ihe vapors from the yellow- 
whiic crystals that formed on the outer edge of a crystallization dish 
from the acidified electrolyte of the ^CO, Thermacore Electrolytic Cell 

2 5 (electrolytic cell sample «5) wiih a sample heater temperature of 220 °C 



H 
0 



Na + 




0 
H 
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is shown in FIGURE 26A and with a sample heater temperature of 275 "C 
is shown in FIGURE 26B. The mass spectrum (/n/e = 0-110) of the vapors 
from electrolytic cell sample tf6 with a sample heater temperature of 212 
°C is shown in FIGURE 26C. The parent peak assignments of major 
5 component hydrino hydride compounds followed by the corresponding 
mfe of the fragment peaks appear in TABLE 4. The mass spectrum 
(mfc = 0 - 200) of electrolytic cell sample 06 with a sample heater 
temperature of 147 °C with ihe assignments of major component hydrino 
hydride silane compounds and silane fragment peaks is shown in FIGURE 
! 0 26D. 

FIGURE 27 shows the mass spectrum {mfe-0~ 110) of the vapors 
obtained from the cryoptimped crystals isolated from the 40 °C cap of a 
gas. cell hydrino hydride reactor comprising a Kf catalyst, stainless steel 
filament leads, and a W filament (gas cell sample tfl). The sample was 

1 5 dynamically healed from 90 °C to 120 °C while the scan was being 

obtained in the mass range m / e - 75- 100. The parent peak assignments 
of major component hydrino hydride compounds followed by the 
corresponding m/e of the fragment peaks appear in TABLE 4. 

The hydrino hydride compound NuSiO } N h (m I e = 89) with series 

20 m/f-90-83 including the M -t I peak and the hydrino hydride compound 
NKjOH 96) with fragment K } OH (/»/<r = 95) appeared in abundance 

with dynamic heating. Shown in FIGURE 28A is the mass spectrum 
{m/>--G-iiG} of the sample shown in FiGuRE 27 with the succeeding 
repeat scan where the total time of each scan was 75 seconds. Thus, H 

2 5 took about the time interval 30 to 75 seconds after heating to rescan the 

region /w/c = 24-60. The sample temperature was 120 °C. Shown in 
FIGURE 28B is the mass spectrum (nt/e = 0-U0) of the sample shown in 
FIGURE 27 scanned 4 minutes later with a sample temperature of 200 °C. 
The parent peak assignments of major component hydrino hydride 

3 0 compounds followed by the corresponding ml* of the fragment peaks 

appear in TABLE 4 r 

Comparing FIGURES 28A-28B to FIGURE 27 shows that the hydrino 
hydride silicate compound NaSiOJI^ {m I e = 89) with series = 90-83 
including the W + l peak gave rise to the fragments Si0 7 (m / 1 = 60), SiOJi^ 
35 with series m/e = 66-GO> and 5rt?7/ 6 with series ™/e = 5J-44 including the 
M M peak. The siioxanc Si 7 H^O (m / c = 78) was observed. The observed 
hydrino hydride silane compounds were the M + \ peak of 5i,// l2 m / e a 96 , 
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Si y H l (m U = 4 )2), Nu$iH b with series m/<»-58-51 including the M + \ peak, 
KSiHt with series mle= 74-67 including the Af + l peak, and 5i } // g with 

scries m/r-64 - 56. The silane compounds gave rise to the silane peaks 
of Si 7 H 4 (mie = 60). Sitf, (in / r = 36), Si//* (wi /< = 34). SiV/, (m / c = 32). and 
5 SiH 2 (m / e-30). 

Also present at the higher temperature was the hydrino hydride 
compound HK t OH {m I c = 96) with fragment A\0// (m / e = 95) that gave rise 
to KOH(mie- 56), a substantial tfO i> /<> 55) peak, and K7/ v (/» / e = 41) with 
fragments KH (m / c - 40) and = 39). In addiiion. the following 

0 potassium hydrino hydride compounds were observed: #//> {m = 44) 
with fragments series (m / e = 44 - 39) including X// ? (m / <? - 41), 
KH{mfe = 40), and /C (m / e » 39); the doubly ionized peak JTH,* at 
(mi 22); the doubly ionized peak K*H; at (#»/f = 2l); and 
K l H(\(p) n « = I ro 5 with fragment and compound series = 83- 78). 

5 The following sodium hydrino hydride compounds that appear in 

FIGURES 28A-28B were observed at the higher temperature: 
HNOjOH (m / e ~ 64) with fragments M* ? 0tf = 63). NaON{mfc* 40). 
/VflO 39). and Mj// (m /«r = 24); M»,«, (rn / e = 48) with fragments 

Mr,tf(m/*«47)„ Mt, (m/«r=46), NoH 2 (m / e - 25), and NaH [m I e~ 74) \ and 

0 NoH % {mfe^2(>) with fragments NalL (m J e * 25) and Ato// (m/r- 24). 

The mass spectrum (m/r^ 0-200) was obtained of *as cell sample 
#1 with a sample heater temperature of 243 C C. Major peaks were 
observed that were assigned to silane and siloxane hydrino hydride 
compounds. Present were ihc disilane hydrino hydride compound 

5 analogue Si,//, (m / e = 64) with siloxane, Si 7 H^O{mfe^n) y the trisilane 
hydrino hydride compound analogue Si^H n (ro / r = 96) with a siloxane. 
StJItoO (mfe = I JO), and the telrasilane hydrino hydride compound 
■friWi* (/«/«-= 128). Also, the low mass silane peaks were seen: 
5f ; // a (m/* = 60). 5i7/ i (m/c = 36). 5///, (m/** * 32), and 5//#, (m /< = 30). 

0 Shown in FIGURE 29 is ihc mass spectrum {mJt> = 0-110) of the 

vapors from the cryopumped crystals isolated from ihc 40 °C cap of a gas 
cell hydrino hydride reactor comprising n A7 catalyst, stainless steel 
filament leads, and a \V filament (gas cell sample «2) with a sample 
temperature of 225 °C. The parent peak assignments of major 

5 component hydrino hydride compounds followed by the corresponding 
m/c of the fragment peaks appear in TABLE 4. 

The mass spectrum (m/r = 0-200) of the vapors from the crystals 
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prepared from a dark colored band at the top of a gas cell hydrino 
hydride reactor comprising a K! catalyst, stainless steel filament leads, 
and a W filament with a sample heater temperature of 253 P C (gas cell 
sample OA) and with a sample heater temperature of 216 °C (gas cell 
5 sample OB) is shown in FIGURE 30A and FIGURE 30B, respectively. The 
assignments of major component hydrino hydride compounds and silane 
fragment peaks are indicated. The parent peak assignments of typical 
major component hydrino hydride compounds followed by the 
corresponding /n/r of Ihc fragment peaks appear in TABLE 4. 
1 0 The spectrum of gas cell sample #3A shown in FIGURE 30A has 

major peaks at about mJe = (A and m/rT=l?8. Iodine has peaks at these 
positions; thus, the mass spectrum of iodine crystals was obtained under 
ideal ical conditions. Iodine was eliminated as an assignment to the 
peaks based on the lack of a match of the iodine mass spectrum shown in 

1 5 FIGURE 31 with the spectrum of gas cell sample tf3A shown in FIGURE 

30A. For example, the doubly ionized atomic iodine peak at m/c»64 
compared to the singly ionized peak at m/c~l?8 has the opposite height 
ratio as that of the corresponding peaks of ihc mass spectra of gas cell 
sample #3 A. The latter spectrum also possess other peaks such as silane 

2 0 peaks not observed in the iodine spectrum. The peaks of FIGURE 30A at 

#»/> = 64 and #w/r=l28 are assigned to silane hydrino hydride compounds. 
The sioichiometry is unique in that the chemical formulae for normal 
siianes >s the same as that ol alkanes; whereas, the formulae for hydrino 
hydride siianes is Si.H 4m which is indicative of a unique bridged hydrogen 

2 5 bonding. Only the ordinary siianes SiH 4 and Si 7 H, are indefinitely stable 

at 25 °C. The higher ordinary siianes decompose giving hydrogen and 
mono- and disitane, possibly indicating SiH : as an intermediate. Also, 
ordinary silane compounds react violently wiih oxygen [F. A. Cotton, G. 
Wilkinson, Advanced Inorganic Chem istry. Fourth Edition. John Wiley & 

3 0 Sons, New York, pp. 383-384.]. It is extraordinary the present sample 

was filtered from an aqueous solution in air. The sample contains water 
as indicated by the water family at (m/r = 16 -18), and the disilanc 
hydrino hydride compound analogue SiM t has bound water whereby the 
resulting compound 5i 7 H t H.O successively losses all of the tf's in the 
35 series {mi e- 82- 72) to give Si,0 {mfe- 72). 5* 4 // l6 (m I e = 128), the 
tctrasilanc hydrino hydride compound, and SiJ1 J4 (m I c = 192), the 
hcxasilane hydrino hydride compound, are also seen with corresponding 
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fragment peaks. Also, the low mass silanc fragment peaks are seen: 
S,H t {,,, / , = 36). SiH, [n,Je = 32). and SiH, </;. I e 30). The spectrum of gas cell 
sample MB shown in RGURB 30B also has major peaks at about m/, = 64 
and »./e = !28 which arc assigned to silane hydrino hydride compounds. 
5 Present are the disilanc hydtino hydride compound analogue 

57,//, (,„/<• = 64) with siloxane. Si t H,0 (»«/, = 78). the trisila.ic hydrino 
hydride compound analogue Si, //„(«•/<? = 96) with siloxane. 
$i } ll m Q (m/r = \ 10), and the tetrasilane hydrino hydride compound 
Sr.// 16 (m/e=I28) with siloxane, Si,H„0(mfc = 142). Also, the low mass 
10 silanc fragment peaks are seen: 5;//, {m le = 36). Sift, (m U = 32). and 
SiH, (m/e = 30). 

The mass spectrum (»/*»()- 1 .10) of the vapors from the crystals 
from the body of a gas cell hydrino hydride reactor cornprisins a K l 
catalyst, stainless steel filament leads, and a IV filament (gas cell sample 

1 5 »4) with a sample heater temperature or 226 *C is shown in FIGURE 32. 

The parent peak assignments of major component hydtino hydride 
compounds followed by the corresponding „,, e of the fragment peaks 
appear in TABLE 4. 

The 0 to 75 eV binding energy region of a high resolution X-ray 

2 0 Photoclectron Spectrum (XI>S) of recrystallizcd crystals prepared from 

the gas cell hydrino hydride reactor comprising a Kl catalyst, stainless 
steel rilament leads, and a W filament (gas cell sample fl4) corresponding 
to the mass spectrum shown in FIGURE 32 is shown in FIGURE 33. The 
survey scan showed thai the recrystallizcd crystals were that of a pure 
potassium compound. Isolation of pure hydrino hydride compounds 
from the gas cell is the means of eliminating impurities from the XPS 
sample which concomitantly eliminates impurities as an alternative 
assignment to the hydrino hydride ion peaks. Mo impurities are present 
in the survey scan which can be assigned to peaks in the low binding 
energy region. With the exception of potassium at IS and 34 C V. and 
oxygen at 23 eV, no other peaks in the low binding energy region can be 
assigned to known elements. Accordingly, any other peaks in this region 
musi be due to novel compositions. The hydrino hydride ion peaks 
H ("-Up) for p=3 to p=l6. the potassium peaks. K. and the oxygen 
peak. O. are identified in FIGURE 33. The agreement with the results for 
the crystals isolated from the electrolytic cells summarized in FIGURE 22 
arc excellent. 
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The mass spectrum (w/e-O-MO) of the vapors from the 
cryopnmped crystals isolated from the 40 °C cap of a gas ceil hydrino 
hydride reactor comprising a Rbl catalyst, stainless steel filament leads, 
and a W filament (gas cell sample 5) with a sample temperature of 205 
5 °C is shown in FIGURE 34A. The parent peak assignments of major 

component hydrino hydride compounds followed by the corresponding 
ml e of the fragment peaks appear in TABLE 4. The mass spectrum 
(m/e ~ 0 - 200) of gas cell sample fl 5 with a sample temperature of 201 °C 
and with a sample temperature of 235 *C is shown in FIGURE 34B and 

1 0 FIGURE 34C, respectively. The assignments of major component hydrino 

hydride silane and siloxane compounds and silanc fragments peaks are 
indicated. 

The mass spectrum (m/e = 0- \ 10) of the vapors from the crystals 
from a gas discharge cell hydrino hydride reactor comprising a Kl 

\ 5 catalyst and a Ni electrodes with a sample heater temperature of 225 °C 
is shown in FIGURE 35. The parent peak assignments of major 
component hydrino hydride compounds followed by the corresponding 
m/e of the fragment peaks appear in TABLE 4 No crystal were obtained 
when Nal replaced Kl . 

20 The mass spectrum (»r/* = 0- 1 10) of the vapors from the crystals 

from a plasma torch cell hydrino hydride reactor with a sample heater 
temperature of 250 °C is shown in FIGURE 36 with the assianmcnis of 
major component aluminum hydrino hydride compounds and fragment 
peaks. The parent peak assignments of other common major component 

2 5 hydrino hydride compounds followed by the corresponding mfe of the 

fragment peaks appear in TABLE 4. 

An exceptional shoulder was present on the m/c=2Z peak due to 
the hydrino hydride compound AM* {m te- 2 1 )) with fragments 
AIH (in f e = 28) and Al(mle = 71). The aluminum hydrino hydride 

3 0 compound is also present as the dimer, A!Ji x with series (m/e = 58 -54) 

No hydrino hydride compound peaks were observed when Nal replaced 
KL 

The presence of NaSiO^^ is consistent with the elemental analysis 

by XPS which indicated that the plasma torch sample was predominantly 
3 5 SiO y as shown in TABLE 8. The source is the quartz of the torch that was 
etched during operation. Quartt etching was also observed during the 
operation of the gas cell hydrino hydride reactor. 
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The mass spectrum as a function of time of hydrogen and 
(m/tel), water [m/e = 18. ™ /<r = 2, and (m/>=l), carbon dioxide (»r/r = 44 
and mf<-\2), and hydrocarbon fragment CH; (;>c/e-15), and carbon 
(m/r-12) obtained following recording the mass spectra of Ihe crystals 
5 from the electrolytic cell, ihc gas cell, the gas discharge ceil and the 
plasma torch cell hydrino hydride reactors is shown in FIGURE 37. The 
spectra is that of hydrogen where Ihe intensity of the ion current of 
ml and mle = \ is higher than that of m/* = J8; even though, no 
hydrogen was injected into the spectrometer. The source is not 

1 0 consistent with hydrocarbons. The source is assigned to increased 

binding energy hydrogen compounds given in the Additional Increased 
Binding Energy Hydrogen Section. The ionization energy was increased 
from !P = 10eV to //> = I50>V. Thcm/<=2 and />i/r=ri8 ion currents 
increased while the J ion current decreased indicating that a more 

15 stable hydrogen- type molecular ion (dihydrino molecular ion) was 

formed. The dihydrino molecular ion reacts with the dihydrino molecule 
to form H\{Mp) (Eq. (32)). H;(\/p) serves as a signature for the presence 
of dihydrino molecules and molecular ions including those formed by 
fragmentation of increased binding energy hydrogen compounds in a 

2 0 mass spectrometer as demonstrated in FIGURE 26D (electrolytic cell with 

K : CO y catalyst). FIGURE 30A (gas cell with Ki catalyst), FIGURES 34B and 
34C (gas cell wiih Rbl catalyst), and FIGURE 35 (gas discharge cell with 
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2 5 HI — Identification o f the Dihydrino Molecule by Mass Spectroscopy 
The first ionization energy, //>, of the dihydrino molecule 



2 f/;(2c-n (61) 

is IP. =62.27 eV (p^l in Eq. (29)); whereas, the first ionization energy or 
3 0 ordinary molecular hydrogen is 15.46 tV. Thus, the possibility of using 
mass spectroscopy to discriminate J/ ? |2<=r V2«„] from on the 

basis of the large difference between the ionization energies of the two 
species was explored. The dihydrino was identified by mass 
spectroscopy as a species with a mass to charge ratio of two (m/c^2) 
3 5 that has a higher ionization potential than thai of normal hydrogen by 
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recording the ion current as a function of the eleclron °im energy. 

13.3.1 Sample Collection and Preparation 

5 13.3.1.1 Hollow Cathode Electrolytic Samples 

Hydrogen gas was collected in an evacuated hollow nickel cathode 
of an aqueous potassium carbonate electrolytic cell and an aqueous 
sodium carbonate electrolytic cell. Each cathode was sealed at one end 
and was on-line to the mass spectrometer at the other end. 
1 0 Electrolysis was performed with either aqueous sodium or 

potassium carbonate in a 350 ml vacuum jacketed dewar (Pope Scientific. 
Inc., Mcnomonee Falls. Wl) with a platinum basket anode and a 170 cm 
long nickel tubing cathode (Ni 200 tubing : 0.0625 in. O.D., 0.0420 in. I D., 
with a nominal wall thickness of 0.010 in.. MicioCroup. Inc., Mcdway. 

1 5 MA). The cathode was coiled into a 3.0 cm long helix with a 2.0 cm 

diameter. One end of the cathode was sealed above the electrolyte with 
a 0.0625 in. Swagclock union and plug (Swagclock Co.. Solon. OH). The 
other end was connected directly to a needle valve on the sampling port 
of a Dycor System 1000 Quadrapole Mass Spectrometer (Model D200MP. 

2 0 Ametck, Inc., Pittsburgh. PA). 

13.3.1.2 Control Hydrogen Sample 

The control hydrogen gas was ultrahigh purity (MG Industries). 

2 5 13.3.1.3 Electrolytic Gasses from Rccombiner 

During the electrolysis of aqueous potassium carbonate, MIT 
Lincoln Laboratories observed long duration excess power of 1-5 walls 
with output/input ratios over 10 in some cases with respect to the cell 
input power reduced by the enthalpy of the generated gas [Haldeman, C. 

3 0 W.. Savoyc. G. W.. Iseler, G. W.. Clark. H. R.. MIT Lincoln Laboratories 

Excess Energy Cell Final report ACC Project 174 (3). April 25 ; J995). In 
these cases, the output was 1.5 to 4 times the integrated volt-ampere 
power input. Faraday efficiency was measured volumeirically by direct 
water displacement. Electrolytic gases were passed through a copper 
3 5 oxide recombincr and a Burrell absorption tube analyzer multiple times 
until the processed gas volume remained unchanged. The processed 
gases were sent to BiackLighl Power Corporation, Malvern, PA and were 
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analyzed by mass spectroscopy. 

13.3.1.4 Gas Cell Sample 

Pennsylvania Stale University Chemical Engineering Department 
5 determined the heal production associated with hydrino formation with 
a Calvet calorimeter. The instrument used to measure the heat of 
reaction comprised a cylindrical heal flux calorimeter (International 
Thermal Instrument Co., Model CA-iOO-l). The cylindrical calorimeter 
walls contained a thermopile structure composed of two sets of 
10 thermoelectric junctions. One set of junctions was in thermal contact 

with the internal calorimeter wall, at temperature T t% and the second set 

of thermal junctions was in thermal contact with the external calorimeter 
wall at F, which is held constant by a forced convection oven. When heat 

was generated in the calorimeter cell, the calorimeter radially 

1 5 iransferred a constant fraction of this heat into the surrounding heat 

sink. As heat flowed a temperature gradient, (7*. -7*,), was established 

between the two sets of thermopile junctions. This temperature gradient 
generated a voltage which was compared to the linear voltage versus 
power calibration curve to give the power of reaction. The calorimeter 

2 0 was calibrated with a precision resistor and a fixed current source at 

power levels representative of the power of reaction of the catalyst runs. 
The calibration constant of the Calvet calorimeter was not sensitive to the 
flow of hydrogen over the range of conditions of the tests. To avoid 
corrosion, a cylindrical reactor, machined from 304 stainless steel to fit 

2 5 inside the calorimeter, was used to contain the reaction. To maintain an 

isothermal reaction system and improve baseline stability, the 
calorimeter was placed inside a commercial forced convection oven that 
was be operated at 250 °C. Also, the calorimeter and reactor were 
enclosed within a cubic insulated box, constructed of Durok (United 

3 0 States Gypsum Co.) and fiberglass, to further dampen thermal oscillations 

in the even. A more complete description of the instrument and methods 
are given by Phillips [Bradford, M. C, Phillips, J., Klanchar. Rev. Sci. 
Instrum., 66, {\). January. (1995), pp. 171-175). 

The 20 an Calvet cell contained a heated coiled section of 0.25 mm 
3 5 platinum wire filament approximately 18 cm in length and 200 mg of 
KNO y powder in a quartz boat fitted inside the filament coil that was 
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heated by the filament. 

The calorimeiry tests yielded exceptional results [Phillips. J.. Smith, 
J., Kurtz, S.. "Report On Calorimctfic Investigations Of Gas-Phase Catalyzed 
Hydrino Formation' Final report for Period October-December 1996", 

5 January I. 1997). In three separate trials, between 10 and 20 K Joules 
were generated at a rale of 0.5 Watts, upon admission of approximately 
10' ' moles of hydrogen to the cell. This is equivalent to the generation of 
JO 7 J f mole of hydrogen, as compared to 2.5 X \0 y J f mole of hydrogen 
anticipated for standard hydrogen combustion. Thus, the total heats 

10 generated appear to be 100 times too large to be explained by 

conventional chemistry, but the results are completely consistent with 
the catalysis of hydrogen. Catalysis occurred when molecular hydrogen 
was. dissociated by the hot platinum filamenl and the atomic hydrogen 
contacted the gaseous K* I K* catalyst from the KNO } powder in the 

1 5 quartz boat that was heated and volatilized by the filament. 

Following the calorimeiry iesi> the gasses from the Calvet cell were 
collected in an evacuated stainless steel sample bottle and shipped to 
Black Light Power Corporation. Malvern. PA where they were analyzed by 
mass spectroscopy. 

20 

13.3.2 Mass Spectroscopy 

i he mass Spc-Ctioscopy was pcifonucu wj Lit a Dycor System rOOG 
Qnadrapole Mass Spectrometer Model #D200MK> with a HO VAC Dri-2 

2 5 Turbo 60 Vacuum System. The ionization energy was calibrated to 

within ± I eV. 

Mass spectra of gases permeant to a nickel tubing cathode sealed at 
one end and on line to the mass spectrometer at the other were taken 
lor potassium carbonate electrolysis cells and sodium carbonate 

30 electrolysis cells. The intensity of the m/f=1 and mte^l peaks were 
recorded while varying the ionization potential (IP) of the mass 
spectrometer. The pressure of the sample gas in the mass spectrometer 
was kept the same for each experiment by adjusting the needle value of 
the mass spectrometer. The entire range of masses through ™;e = 20O 

35 was measured at IP ~ 70 eV following the determinations al mle = \ and 

n i / c = 2 . 
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13.3.3 Results and Discussion 

The results of the mass spectroscopic analysts (m/e~7) of the 
potassium carbonate run and the sodium carbonate run with varying 
ionization potential of gasses from the seal nickel tubing cathode on-line 
wiih the mass spectrometer appear in TABLES 5 and 6, respectively. For 
the sodium carbonate control, the signal intensity is essentially constant 
with IP, Whereas, in the case of the gasscs from the potassium carbonate 
electrolytic cell, the mle-1 signal increases significantly when the 
ionization energy is increased from 30 eV to 70 cV. A species with a 
much higher ionization potential than molecular hydrogen, somewhere 
between 30-70 eV, is present. The higher ionizing mass two species is 

assigned to the dihydrino molecule. //*j^2c' = . 

TABLE 5. Partial pressures at mfe~7 with ionization energies of -30 eV 
and -70 eV of gases penncani to a Ni tubing cathode during electrolysis 
of aqueous K 2 CO^ 

Run Number 



IP 


1 


2 


3 


4 


5 


S 


7 


0 


•30 eV 


1 2E-09 


2.9E-08 


7.3E-08 


2.3E-08 


3.5E-08 


3.1 £-00 


9.4E00 


3.4E-06 


-70 eV 


6.4E-09 


9.6E-08 


2.06-07 


t.tE-07 


1 .GE-07 


t.3E07 


4.06-07 


t 2E-07 



20 



25 



TABLE 6. Partial pressures at mlc=2 with ionization energies of -30 eV 
and -70 eV of gases j>ermeant io a Ni tubing cathode during electrolysis 
of aqueous Mi 7 C<?,, 



Run N 


jmbe* 


IP 


\ 


2 


3 


-30 ev 


1.1E-08 


6.7E-08 


1.6E08 


-70 eV 


9.4E-09 


5.0E0B 


1.7E-08 



The mass spectrum (/u/^-0-50) of the gasscs from the Ni tubing 
cathode of the K 7 CO y electrolytic cell on-line with the mass spectrometer 

is shown in FIGURE 38. No peaks were observed outside this range. As 
the ionization energy was increased from 30 eV to 70 eV a m/c-A peak 
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wqs observed. The mlc-t was not observed in the cose lhai Na 7 CO y 
replaced K ? CO x or in the case of the mass spectrum of high purity 

hydrogen gas. The only known element which gives an tnfe-4 peak was 
helium which was not present in the electrolytic ceil, and the cathode 
5 was on-line to the mass spectrometer which was under high vacuum. 
Helium is further excluded by the absence of a mfc~S peak which is 
always present with helium hydrogen mixtures, hut is not observed in 
the in FIGURE 38. From the data, hydrinos arc produced in nickel 
hydride according to Eq. (35). The dihydrino molecule has a higher 
10 diffusion rate in nickel than hydrogen. Dihydrino gives rise to a m/<r~4 
mass spectroscopic peak. The reaction follows from Eq. (32). 

//; 2c «^?2t] + «;[2c-«^] (!//>) (62) 
"L P J L P J 

Hl(\fp) serves as a signature for the presence of dihydrino molecules 

The mass spectrum (w/r = 0-50) of the MIT sample comprising 

1 5 nonrccombinable gas from a K 2 CO } electrolytic cell is shown in FIGURE 

39. As the ionization energy was increased from 30 cV to 70 cV a 
m/<rr=4 peak was observed thai was assigned to H\{\f p). The peak 

serves as a signature for the presence of dihydrino molecules. 

The output power versus lime during the catalysis of hydrogen and 

2 0 the response to helium in a Calvct cell containing a heated platinum 

filament and KNQ X powder in a quartz boat that was healed by the 

filament is shown in FIGURE 40. During the time interval shown 

2.2 X 10* J of energy was produced by hydrogen: whereas the response of 

the calorimeter io helium (shown offset) was trace positive followed by 

2 5 trace negative, and equilibration to null response The energy released if 

all of the hydrogen present in the closed cell under went combustion is 
equivalent to the area under the power curve between two lime 
increments ( AT* = 17 mjns). Combustion is the most exothermic ordinary 
reaction possible. The 10" moles of hydrogen added to the 20 cm* Calvei 
30 cell generated ? X 10* J I molt of hydrogen, as compared to 2.5 X 10* )l mole 
of hydrogen anticipated for standard hydrogen combustion. The large 
enthalpy which can not be explained by conventional chemistry is 
assigned to the catalysis of hydrogen. 

The mass spectrum (m/e = 0-50) of the gasse.s from the 

3 5 Pennsylvania Stale University Calvet cell following the catalysis of 
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hydrogen that were collected in an evacuated stainless steel sample 
boilJc is shown in FIGURE 4 1 A. As ihc ionization energy was increased 
from 30 eV to 70 cV a /n/rr.4 peak was observed ihat was assigned to 
r/;(l/p). The peak serves as a signature for ihe presence of dihydrino 
5 molecules. As the pressure was reduced by pumping, the mft = 2 peak 
split as shown in FIGURE 4 JB. In this case, the response of the m(e = 2 
peak lo ionization potential was significantly increased. Sample was 
introduced, and the ion current was observed to increased from 2 X J0~'° 
lo I X 10 * as the ionization potential was changed from 30 eV to 70 eV. 
10 The split m/e = 2 peak and the significant response of the ion current to 
ionization potential are further signatures for dihydrino. 

The mass spectrum {mfe- 0 - 200) of the gasses from the 
Pennsylvania Slate University CaJvct cell following the catalysis of 
hydrogen that were collected in an evacuated stainless steel sample 

1 5 bottle is shown in FIGURE 42. Several hydrino hydride compounds were 

identified as indicated in FIGURE 42. The production of dihydrino and 
hydrino hydride compounds confirms the assignment or the enthalphy lo 
the catalysis of hydrogen. 

The mfrs4 peak that was assigned to U\[if p) was also observed 

2 0 during mass spectroscopic analysis of hydrino hydride compounds as 

given in ihc Identification of Hydrino Hydride Compounds by Mass 
Spectroscopy Section and the Identification of Hydrino Hydride 
Compounds by Tirnc-Of- Flight-Secondary -ion-Mass-Spcciroscopy 
(TOPS IMS) Section (e.g. FIGURE 62). Them/* = 4 peak was further 

2 5 observed during mass spectroscopy following gas chromatographic 

analysis of samples comprising dihydrino as given in the Identification of 
Hydrino Hydride Compounds and Dihydrino by Gas Chromatography with 
Calorimctry of the Decomposition of Hydrino Hydride Compounds Section. 

3 0 J 3.4 Identificai ion^H^nno H ydride Com pflupd^ 

qimmaiflgraphv with CajpjjiQejry. of r^m r f>ritinn of Hydrino ~ 
Hydride Com pounds 

Increased binding energy hydrogen compounds are gj V cn in the 
3 5 Additional Increased Binding Energy Compounds Section. It was 
observed that MO formed and precipitated out over lime from the 
filtered electrolyte (Whatman 110 mm filter paper (Cat. No. 1450 1 10)) 
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of the K y CO y electrolytic cell described in ihe Identification of Hydrinos, 
Dihydrinos, and Hydrino Hydride Ions by XPS (X-ray Pholoelcctron 
Spectroscopy) Section. The XPS contains nickc! as shown in FIGURE 18, 
and the crystals isolated from the electrolyte of the K z CO> electrolytic cell 
5 contained compounds such as NiN. (where n is an integer) as given in the 

Identification of Hydrino Hydride Compounds by Timc-Of-FJight- 
Sccondary-lon-Mass-Spectroscopy (TOFSIMS) Section. Since Ni(Ofl) 7 and 
NiCOj are extremely insoluble in a solution with a measured pH of 9-85, 

the source of the NiO from a soluble nickel compound is likely the 
1 0 decomposition of compounds such as NiH m to NiO, This was tested by 

adding an equal atomic percent UNO y and acidifying the electrolyte with 
HNOy to form potassium nitrate. The solution was dried and heated to a 
melt at 120 Q C whereby MO formed. The solidified melt was dissolved in 
IU0 % and the NiO was removed by filtration. The solution was 

1 5 concentrated until crystals just appeared at 50 °C. White crystals formed 

from the solution standing at room temperature. The crystals were 
obtained by filtration. The crystals were rccrystallized with distilled 
water, and mass spectroscopy was performed by the method given in the 
Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
20 Section. The mass ranges m I e = I to 220 and m/e = hol?0 were scanned. 
The mass spectrum was equivalent to that of the crystals from the 
electrolyte of the K,CO } electrolytic cell that was made I M in UNO, and 
acidified with UNO, (mass spectroscopy electrolytic cell sample «3 shown 
in FIGURE 24 with parent peak identifications shown in TABLE 4) except 

2 5 that the following new hydrino hydride compound peaks were present: 

Si \H„0 { m I c = 1 10 1 Si } H t ( m I e = 64 ), SiH t ( m I e - 36), and Si//, ( m I r = 30). In 

addition. X-ray diffraction of these crystals showed peaks that could not 
be assigned to known compounds as given in the Identification of 
Hydrino Hydride Compounds by XRD Section (XRD sample «4). TOFSIMS 

3 0 was also performed. The results where similar to those of TOFSIMS 

sample #6 shown in TABLES 20 and 21. 

Aluminum analogues of MH 4 n = int eger arc produced in the plasma 

torch as shown in FIGURE 36. These are expected to decomposed under 
appropriate condiiions, and hydrogen may be released from these 
3 5 hydrogen containing hydrino hydride compounds. The ortho and para 
forms of molecular hydrogen can readily be separated by 
chromatography at low temperatures which with its characteristic 



WO 99/05735 PC TAJS98/14029 



1 32 

retention lime is a definitive means or identifying the presence of 
hydrogen in a sample. The possibility of releasing dihydrino molecules 
by thermally decomposing hydrino hydride compounds with 
identification by gas chromatography was explored. 
5 Dihydrino molecules may be synthesized according to Eq. (37) by 

the reaction of a proton with a hydrino atom. A gas discharge cell 
hydrino hydride reactor is a source of ionized hydrogen atoms (protons) 
and a source of hydrino atoms. The catalysis of hydrogen atoms occurs 
in the gas phase with a catalyst that is volatilized from the electrodes by 
1 0 the hot plasma current. Gas phase hydrogen atoms are also generated 
with the discharge. Thus, the possibility of synthesizing dihydrino in a 
gas discharge cell with identification by gas chromatography was 
expJorcd. 

Increased binding energy hydrogen has an imcmnclear distance 

15 which is fractional (~ — ) compared with that of normal hydrogen. The 

integer J & 

onho and para forms of molecular hydrogen can readily be separated by 
chromatography at low temperatures The possibility of using gas 
chromatography at cryogenic lempcraturcs to discriminate onho and 

r rz 

para //>|2c = V2«..) from ortho and para H] 2c = — ^ . respectively, as well 



2 0 as other dihydrino molecules on the basis of the difference in sizes of 

13.4.1 Gas Chromatography Methods 

25 Gas samples were analyzed with a Hewlett Packard 5890 Series 11 

gas chromatograph equipped with a thermal conductivity detector and a 
60 meter. 0.32 mm ID fused silica Rt Alumina PLOT column (Restek, 
Bcllcfonte, PA). The column was conditioned at 200 p C for 18-72 hours 
before each series, of runs. Samples were run at -196° C usin^ Ne as the 

3 0 carrier gas. The 60 meter column was run with the carrier gas at 3.4 psi 

with the following How rates: carrier - 2.0 ml/min., auxiliary - 3.4 
ml/min., and reference - 3.5 ml/min., for a total flow rate of 8.9 ml/min. 
The split rate was 1 0.0 ml/min. 



3 5 13.4.1.1 Control Sample 



WO 99/05735 PCTAJS98/I4029 



20 



133 



The control hydrogen gas was ultrahigh purity (MG Industries). 
13.4.1.2 Plasma Torch Sample 

5 

Hydrino hydride compounds were generated in ihe plasma lorch 
hydrino hydride reactor with a Kl caialyst by the method described in 
the Plasma Torch Sample Section. A 10 mg sample was placed in a 4 mm 
ID by 25 mm long quartz tube thai was sealed at one end and connected 

I 0 at the open end with Swagelock™ fittings to a T that was connected to a 
Welch Duo Seal model M02 mechanical vacuum pump and a septum 
port. The apparatus was evacuated to between 25 and 50 millitorr. 
Hydrogen was generated by thermally decomposing hydrino hydride 
compounds. The healing was performed in the evacuated quart? 

I 5 chamber containing the sample with an external Nichrome wire healer. 
The sample was heated in 100 °C increments by varying the transformer 
voltage of the Nichrome heater. Gas released from the sample was 
collected with a 500 /ii gas tight syringe through the septum port and 
immediately injected into the gas chromatograph. 



13.4.1.3 Coated Cathode Sample 



Uihydrmo molecules were generated in an evacuated chamber via 
thermally decomposing hydrino hydride compounds. The source of 

2 5 hydrino hydride compounds was the coating from a 0.5 mm diameter 

nickel wire from the tf 2 C0, electrolytic cell that produced 6.3X10* J of 

enthalpy of formation of increased binding energy hydrogen compounds 
(BLP Electrolytic Cell). The wire was dried and heated to about 800 °C\ 
The heating was performed in an evacuated quartz chamber by passing a 

3 0 current through the cathode. Samples were taken and analyzed by gas 

chromatography. 

A 60 meter long nickel wire cathode from a potassium carbonate 
electrolytic cell was coiled around a 7 mm OD. 30 cm long hollow quartz 
tube and inserted into a 40 cm long, 12 mm OD quartz tube. The larger 
3 5 quartz tube was sealed at both ends with Swagelock™ fittings and 

connected to a Welch Duo Seal model 1402 mechanical vacuum pump 
with a stainless steel Nnpro™ "H" series bellows valve. A thermocouple 
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vacuum gauge lube and rubber septum were insiallcd on the apparatus 
side of ihe pump. The nickel wire cathode was connected to leads 
through the Swagclock™ fillings to a 220V AC transformer. The 
apparatus containing ihe nickel wire was evacuated to between 2S and 
5 50 millitorr. The wire was heated to a range of temperatures by varying 
the transformer voltage. Gas released from the heated wire was 
collected with a 500/// gas tighl syringe through the installed septum port 
and immediately injected into the gas chromatograph. White crystals of 
increased binding energy hydrogen compounds which did not thermally 
1 0 decompose were cryopumped to the cool ends of the evacuated tube. 
This represents a method of the present invention to purify these 6 
compounds. 

The mass spectrum (m/e--=0-50) of the gasses from the heated 
nickel wire cathode was obtained following the recording of i lie gas 

1 5 chromatograph. 

13.4.1.4 Gas Discharge Cell Sample 

The hydrogen catalysis to form hydrino occurred in the gas phase 

2 0 with the catalyst Kl that was volatilized from the electrodes by the hot 

plasma current. Gas phase hydrogen atoms were generated wiih the 
discharge. Dihydrino molecules were synthesized using the gas discharge 
cell described in the Gas Discharge Cell Sample Section by: (1) pulling the 
catalyst solution inside the lamp and drying it to form a coaling on the 

2 5 electrodes; (2) vacuuming the system at JO- 30 rntorr for several hours to 

remove contaminant gases and residual solvent; (3) filling the discharge 
tube with a few torr hydrogen and carrying out an arc discharge for at 
least 0.5 hour. The chromatographic column was submerged in liquid 
nitrogen and connected to the thermal conductivity detector of the gas 

3 0 chromatograph. The gases flowed through a 100% CuO recombiner and 

were analyzed by the on line gas chromatography using a three way 
valve. 

The mass spectrum (m/r = 0-50) of the gasses from the Kl 
discharge tube on-line with the mass spectrometer was obtained 
3 5 following the recording of the gas chromatograph. 

13.4.2 Adiabatic Calorimeiry Methods 
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The enthalpy of the decomposition reaction of the coated cathode 
sample was measured wiih an adiabalic calorimeter comprising the 
decomposition apparatus described above that was suspended in an 

5 insulated vessel containing 12 liiers of distilled water. The temperature 
rise of the water was used to determine the enthalpy of the 
decomposition reaction. The water was stabilized for one hour at room 
temperature before each experiment. Continuous paddle stirring was set 
at a predetermined rpm to eliminate temperature gradients in the water 

1 0 without input of measurable energy. The temperature of the water was 
measured by two type K thermocouples. The cold junction temperature 
was utilised to monitor room temperature changes. Data points were 
taken every tenth of a second, averaged every ten seconds, and recorded 
with a computer DA$. The experiment was run with a wire temperature 

1 5 of 800 °C determined by a resistance measurement that was confirmed 

by optical pyromctry. For the control cases, 600 watts of electrical input 
power was typically necessary to maintain the wire at this temperature. 
The input power to the filament was recorded over time with a Clarke 
Hess voh amp-watt meter with analog output to the computer DAS. The 

2 0 power balance for the calorimcier was: 

0 * P^ imC r dT / <h + />,„ - P 0 ) (63) 
wheic P^ was the input power measured by the watt meter, m was the 
nutSb ui iiic waier (i 2,000 g), C f is the specific heat o! water (4.184 J/g 
°C), dT I <li was the rate of change in water temperature, P IOii was the 

2 5 power loss of the water reservoir to the surroundings (deviation from 

adiabatic) which was measured to be negligible over the temperature 
range of the tests, and P D was the power released from the hydrino 
hydride compound decomposition reaction. 

The rise in temperature was plotted versus the total input 

3 0 enthalpy. Using 12.000 grams as the mass of the water and using the 

specific heat of water of 4.184 J/g °C, the theoretical slope was 0.020 
°C7kJ. The experiment involved an unrinsed 60 meter long nickel wire 
cathode from the K 7 CO } electrolytic cell that produced 6.3XI0 5 > of 

enthalpy of formation of increased binding energy hydrogen compounds 
3 5 (BLP Electrolytic Cell). Controls comprised hydrogen gas hydrided nickel 
wire <NI 200 0.0197", 11TN36NOAG1, Al Wire Tech, Inc.), and cathode 
wires from an identical Na t CO> electrolytic ceil. 
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13.4.3 Enthalpy of the Decomposition Reaction of Hydrino Hydride 
Compounds and Gas Chromatography Results 

5 13.4.3.1 Enthalpy Measurement Results 

The results of the measurement of ihe enthalpy of the 
decomposition reaction of hydrino hydride compounds measured with 
the adiabatic calorimeter are shown in FIGURE 43 and TABLE 7. The 
1 0 wires from the Na 7 CO y electrolytic cell and the hydrided virgin nickel 

wires produced slopes of water temperature rise versus integrated input 
enthalpy that were identical to the theoretical slope (0.020 °C/kJ). Each 
wire cathode from the /C.COj cell produced a result thai deviated 

substantially fiom the theoretical slope, and much less input power was 
I 5 necessary 10 maintain ihe wire at S00 *C as shown in TABLE 7. The 
results indicate that the decomposition reaction of hydrino hydride 
compounds is very exothermic. In the best case, the enthalpy was 
I MJ (25*C X 12,000 g X 4.184 J / g°C - 250 kJ) released over 30 minutes 
(25°CX 12,000 gX 4.184 J/g°C/693 W). 



20 
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TABLE 7. The results of the measurement of the enthalpy of the 
decomposition reaction of hydrino hydride compounds using an adiabatic 
calorimeter wiih virgin nickel wires and cathodes from a Mi,C0, 
electrolytic cell and the K 7 CO y electrolytic cell that produced 6.3 X 10* / of 

5 enthalpy of formation of increased binding energy hydrogen compounds 
(BLP Electrolytic Cell). 



Virgin Wire Control 










trial 


Input Power 
(W) 


Slope 
( & C/kJ) 


Average 
Slope 












(*C/kJ) 






1 


1 S 1 


0.017 






2 


345 


0.018 








3 


452 


0.017 








4 


too 


0.017 


0 017 






Sodium Carbonate Control 










liral 


Input Power 
(W) 


Slope 
(*C/kJ) 


Average 
Slope 












rC/kJ) 






1 


354 


0.020 






2 


272 


0.016 








3 


288 


0.017 








4a 


too 


0.017 








4 b 


too 


0.018 


0.010 






Potassium Carbonate 










trial 


Inpul Power 


Slope 


Average 


Output 






(W) 


('C/kJ) 


Slope 


Power 


(W) 


ta 


t52 




rC/kJ) 


(W) 


0.082 




693 


54 1 


lb 


172 


0.074 




706 


534 


2 


18G 


0.045 




464 


278 


3 


182 


0.05O 




503 


321 


4 


130 


0.081 




622 


484 


5a 


103 


0.062 




357 


254 


5b 


92 


0.064 




327 


235 


5c 


99 


0.094 




517 


418 



0.066 



10 13.4.3.2 Gas Chromatography Results 

The gas chromatograph of the normal hydrogen gave the retention 
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time for para hydrogen and ortho hydrogen as 12.5 minutes and 13.5 
minutes, respectively. For the plasma torch sample collected from the 
hydrino hydride compound trap (filter paper), the gas chromatographic 
analysis of gasses released by heating in 100 °C increments in the 

> temperature range 100 *C \o 900 °C showed no hydrogen release at any 
temperature. For the plasma torch sample collected from the torch 
manifold, the gas chromatographic analysis of gasses released by healing 
in 100 "C increments in the temperature range 100 °C 10 900 °C showed 
hydrogen release at 400 °C and 500 °C. The gas chromatograph of the 

0 gases released from the sample collected from the plasma torch manifold 
when the sample was healed to 400 °C is shown in FIGURE 44. The 
elemental analysis of the plasma torch samples were determined by EDS 
and- XPS. The concentration of elements detected by XPS in atomic 
percent is shown in TABLE 8. 

5 

TABLE 8. Concentration of Elements Detected by XPS (in Atomic %). 



Sample 


Na 


I 




O 


Q 


CI 


Si 


Al 


K 


Mq 


K/l 




Manifold 


1 . 1 


0. 


4 


61.3 


6.4 


0.5 


28? 


0. 1 


2.0 


0.1 


S 




Filler Papei 


0.2 


?. 


3 


60.0 


6.0 


0. 1 


28. 5 


o.t 


2.8 


0.1 


1 


2 


Kl 


3.4 


23 


t 


8.0 


34.3 


1.7 


0.0 


0 0 


28.6 


0.1 


1 


.2 



The XPS of the sample collected from the torch manifold was 
5 remarkable in thai the potassium to iodide ratio was five; whereas, the 
ratio was 1.2 for Kl and 1.2 for sample collected from the hydrino 
hydride compound trap (filter paper). The EDS and XPS of ihe sample 
collected from the torch manifold indicated an elemental composition of 
predominancy SiO, and Kl with small amounts of aluminum, silicon, 
0 sodium, and magnesium. The mass spectrum of the sample collected 
from the torch manifold is shown in FIGURE 36 which demonstrates 
hydrino hydride compounds consistent with the elemental composition. 
None of the elements identified are known to store and release hydrogen 
in the temperature range of 400-500 °C. These data indicate that the 
5 crystals from the plasma torch contain hydrogen and are fundamentally 
different from previously known compounds. These results without 
convention explanation correspond to and identify increased binding 
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energy hydrogen compounds according to the present invention. 

The gas chromatographic analysis (60 meter column) of high purity 
hydrogen is shown in FIGURE 45. The results of the gas chromatographic 
analysis of the heated nickel wire cathode appear in FIGURE 46. The 
5 results indicate thai a new form of hydrogen molecule was detected 
based on the presence of peaks with migration times comparable but 
distinctly different from those of the norma! hydrogen peaks. The mass 
spectrum (m / e * 0- 50) of the gasscs from the heated nickel wire cathode 
was obtained following the recording of the gas chromatograph. As the 
10 ionization energy was increased from 30 eV to 70 eV a />*/<?:= 4 peak was 
observed that was equivalent to that shown in FIGURE 41 A. Helium was 
not observed in the gas chromatograph. The mfe-4 peak was assigned 
to Jl\{\l p). The reaction follows from Eq. (32) Hl(\f p) serves as a 

signature for the presence of dihydrino molecules. 

1 5 FIGURE 47 shows peaks assigned to «J^-^k| H^cf-^j, and 

// ? 'j^2c'« j. The results indicate that new forms of hydrogen molecules 

were detected based on the presence of peaks thai did not react with the 
recombiner with migration times distinctly different from those of the 
normal hydrogen peaks Control hydrogen run (FIGURE 45) before and 

2 0 after the result shown in FIGURE 47 showed no peaks due to 

recombination by the 100% CuO recombiner. The mass spectrum 
(m/r^0-50) of the gasscs from the Kl discharge tube on-line with the 
mass spectrometer was obtained following the recording of the gas 
chromatograph. As the ionization energy was increased from 30 eV to 

2 5 70 eV a peak was observed that was equivalent to that shown in 

FIGURE 4 1 A. The reaction follows from Eq. (32). H;()/p) serves as a 

signature for the presence of dihydrino molecules. As the pressure was 
reduced by pumping, the w/r = 2 peak split equivalent to that shown in 
FIGURE 4 IB. in this case, the response of the m/r=2 peak to ionization 

3 0 potential was significantly increased. The split m/f=2 peak and the 

significant response of the ion current to ionization potential are further 
signatures for dihydrino. 

13.4.4 Discussion 

35 
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The results of the calorimciry of the decomposition reaction of 
increased binding energy hydrogen compounds can noi be explained by 
conventional chemistry. In addition to novel reactivity, other tests 
confirm increased binding energy hydrogen compounds. The cathode of 
5 ihc K,C0, BLP Electrolytic Cell described in the Crystal Samples from an 

Electrolytic Cell Section was removed from the cell without rinsing and 
stored in a plastic bag for one year. White-green crystals were collected 
physically from the nickel wire. Elemental analysis. XPS, mass 
spectroscopy, and XRD were performed. The elemental analysis is 
10 discussed in the Identification of Hydrino Hydride Compounds by Mass 
Spectroscopy Section. The results were consistent with the reaction 
given by Eqs. (55-57). The XPS results indicated the presence of hydrino 
hydride ions. The mass spectrum was similar to thai of mass 
spectroscopy electrolytic cell sample «3 shown in FIGURE 24. Hydrino 

1 5 hydride compounds were observed. Peaks were observed in the X-ray 

diffraction pattern which could not be assigned to any known compound 
as shown in the Identification of Hydrino Hydride Compounds by XRD (X- 
ray Diffraction Spectroscopy) Section (XRD sample it) A). Heat that could 
not be explained by conventional chemistry and dihydrino were 

2 0 observed by thermal decomposition with calorimciry and gas 

chromatography studies, respectively, as shown herein. 

In addition, the material on ihe cathode of the tf,CO- Thermacorc 
Eicctroiyuc Ccii atso showed novel thermal decomposition chemistry as 
well as new spectroscopic features such as novel Raman peaks (Raman 

2 5 sample tfl). Samples from the /f,C0 3 electrolyte such as that from the 

Thermacorc Electrolytic Cell showed novel features over a broad range of 
spectroscopic characterizations (XPS (XPS sample #6). XRD (XRD sample 
#2), TOFSIMS (TOFS1MS sample ffl), ETIR (FTJR sample ffl). NMR (NMR 
sample tfl), and BSITOFMS (ESITOFMS sample #2). Novel reactivity was 

3 0 observed of the electrolyte sample treated with //rVO v . The yellow-white 

crystals that formed on the outer edge of a crystallization dish from the 
acidified electrolyte of the K ? CO> Thcrmacore Electrolytic Cell reacted 
with sulfur dioxide to form sulfide compounds including magnesium 
sulfide. The reaction was identified by XPS. This sample also showed 
3 5 novel features over a broad range of spectroscopic characterizations 

(mass spectroscopy (mass spectroscopy electrolytic cell samples r75 and 
#6), XRD (XRD samples OA and 0313), TOFSIMS (TOFSIMS sample #3), 
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and FHR (FT1R sample #4)). 

The results from XPS. TOFSIMS, and mass spectroscopy studies 
identify thai crystals from the BLP and Thcrmacore cathodes as well as 
crystal from the electrolytes may react with sulfur dioxide in air lo form 
5 sulfides. The reaction may be silane oxidation to form a corresponding 
hydrino hydride siloxanc with sulfur dioxide reduction lo sulfide. Two 
silicon-silicon bridging hydrogen species of the silane may be replaced 
with an oxygen atom. A similar reaction occurs with ordinary silanes [F. 
A. Cotton, G. Wilkinson, Advanced Inorgan ic Chemistry , Fourth Edition, 
I 0 John Wiley & Sons, New York, pp. 385-386 ). 

As a further example of novel reactivity, the nickel wire from the 
cathode of the Thermacorc Electrolytic Cell was reacted with a 0.6 M 
// ? 0, solution. The reaction was violent and strongly 

exothermic. These results without convention explanation correspond to 
1 5 and identify increased binding energy hydrogen compounds according to 
the present invention. The latter result also confirms the application of 
increased binding energy hydrogen compounds as solid fuels. 
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13J — Idcpjjficniion of H ydrino H ydride Compounds by XRD ( X-ray 

D i ffraction S per r m^fjngy) 

XRD measures the scattering of X-rays by crystal atoms, producing 
5 a diffraction pattern that yields information about the structure of (he 
crystal. Known compounds can be identified by iheir characteristic 
diffraction pattern. XRD was used to identify the composition of an ionic- 
hydrogen spillover catalytic material: 40% by weight potassium nitrate 
{KNOy) on Grafoil with 5% by weight I %-Pt-on-graphitic carbon before 

10 and after hydrogen was supplied to the catalyst, as described at pages 
57-62 of PCT/U S96/07949. Calorimetry was performed when hydrogen 
was supplied to test for catalysis as evidenced by the enthalpy balance. 
Th« new product of the reaction was studied using XRD. XRD was also 
obtained on crystals grown on the stored cathode and isolated from the 

I 5 electrolyte of the If, CO, electrolytic cell described in the Crystal Samples 
from an Electrolytic Cell Section. 



13.5.1 Experimental Methods 

2 0 13.5.1.1 Spillover Catalyst Sample 

Catalysis was confirmed by calorimetry. The enthalpy released by 
catalysis (heat of formation) was rler piininrrt from fl 

' - * * * f > mi* 

the presence of ionic hydrogen spillover catalytic material: 40% by 
weight potassium nitrate (KNO } ) on Crafoil with 5% by weight 1%-Pi-on- 

2 5 graphitic carbon by heat measurement, i.e.. thermopile conversion of 

heat into an electrical output signal or Cajvel calorimetry. Steady state 
enthalpy of reaction of greater than 1.5 W was observed with flowing 
hydrogen over 20 cc of catalyst. However, no enthalpy was observed 
with flowing helium over the catalyst mixture. Enthalpy raies were 

3 0 reproducibly observed which were higher than that expected from 

reacting 0 f all the hydrogen entering the cell to water, and the total 
energy balance observed was over 8 times greater than that expected if 
all the catalytic material in the cell were converted to the lowest energy 
state by "known" chemical reactions. Following the run r the catalytic 
3 5 material was removed from the cell and was exposed to air. XRD was 
performed before and after the run. 
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13.2.1.2 Electrolytic Cell Samples 

Hydrino hydride compounds were prepared during ihc electrolysis 
of an aqueous solution of K 7 CO y corresponding to the transition catalyst 

K* IK*. The cell description is given in the Crystal Samples from an 
5 Electrolytic Cell Section. The cell assembly is shown in FIGURE 2. The 
crystals were obtained from the cathode or from the electrolyte: 

Sample /HA. The cathode of the K 3 CO y BLP Electrolytic Cell was 
removed from the cell without rinsing and stored in a plastic bag for one 
I 0 year. White-green crystals were collected physically from the nickel 
wire. Elemental analysis, XPS, mass spectroscopy, and XRD were 
performed. 

Sample NIB. The cathode of a K 2 CO y electrolytic cell run at Idaho 

1 5 National Engineering Laboratories (INEL) for 6 months that was identical 

to thai of Sample «IA was placed in 28 liters of 0.6M KXa/10% //,0 ? . A 
violent exothermic reaction occurred which caused the solution to boiJ for 
over one hour. An aliquot of the solution was concentrated ten fold with 
a rotary evaporator at 50 °C. A precipitate formed on standing at room 

2 0 temperature. The crystals were filtered, and XRD was performed. 

Samples 02. The sample was prepared by concentrating the KX'O, 
electrolyte from the Thermacorc Electrolytic Cell until yellow-white 
crystals just formed. Elemental analysis, XPS, mass spectroscopy, 
25 TOFS1MS, FT1R, NMR, and XRD were performed as described in the 
corresponding sections. 

Sample fl3A and #3B. Each sample was prepared from the crystals 
of sample 02 by I.) acidifying the K 7 CO y electrolyte of the Thermncore 

3 0 Electrolytic Cell wiih HNO>. 2.) concentrating the acidified solution to a 

volume of 10 cc, 3.) placing the concentrated solution on a crystallization 
dish, and 4.) allowing crystals to form slowly upon standing at room 
temperature. Yellow-white crystals formed on the outer edge of the 
crystallization dish (the yellow color may be due to the continuum 
3 5 absorption of H'{n^\/2) in the near UV t 407 nm continuum). These crystals 
comprised Sample «3A. Clear needles formed in the center. These 
crystals comprised Sample #3B. The crystals were scparaied carefully, but 
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some contamination of Sample OB with Sample #3A crystals probably 
occurred to a minor extent. XPS (XPS sample #10). mass spectra (mass 
spectroscopy electrolytic cell samples #5 and tf6), TOFSIMS spectra 
(TOFSIMS samples H3A arid MB), and FTIR spectrum (FTIR sample #4) 
5 were also obtained. 

Sample #4. The K,CO } BLP Electrolytic Cell was made I M in Lf/Vtf, 
and acidified with //WO,. The solution was dried and heated to a melt a! 
120 *C whereby NiO formed. The solidified melt was dissolved in H.O, 
1 0 and the NiO was removed by nitration. The solution was concentrated 
until crystals just appeared ai 50 °C. White crystals formed from the 
solution sianding at room temperature. The crystals were obtained by 
filiation, and further purified from W, by recrystallizing with distilled 
water. 

1 5 

1 3.5.1.3 Gas Cell Sample. 

Sample US. Hydrino hydride compounds were prepared in a vapor 
phase gas cell with a tungsten filament and K] as the catalyst. The high 
temperature gas cell shown in FIGURE 4 was used to produce hydrino 

2 0 hydride compounds wherein hydrino atoms are formed from the 

catalysis of hydrogen using potassium ions and hydrogen atoms in the 
gas phase as described for the Gas Cell Sample of the Identification of 
Hydrino Hydride Compounds by Mass Spectroscopy Section. The sample 
was prepared by I.) rinsing the hydrino hydride compounds from the 
cap of the cell where it was preferentially cryopumped with sufficient 
water that all water soluble compounds dissolved, 2.) filtering the 
solution ro remove water insoluble compounds such as metal. 3.) 
concentrating the solution until a prccipiiate just formed with the 
solution at 50 *C, 4.) allowing yellowish -reddish-brown crystals to form 

3 0 on standing at room temperature, 4.) filtering and drying the crystals 

before XPS. mass spectra, and XRD were obtained. 
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13.5.2 Results and Discussion 



The XRD patterns of the spillover catalyst samples were obtained at 
Pennsylvania State University. The XRD pattern before supplying 
hydrogen to the spillover catalyst is shown in FIGURE 48. All the peaks 
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arc identifiable and correspond lo the starting catalyst material. The XRD 
pattern following the catalysis of hydrogen is shown in FIGURE 49. The 
identified peaks correspond to the known reaction products of potassium 
mclal with oxygen as well as the known peaks of carbon. In addition, a 
5 novel, unidentified peak was reproducibly observed. The novel peak 
without identifying assignment at J3° 20 corresponds and identifies 
potassium hydrino hydride, and according to the present invention. 

The XRD pattern of the crystals from the stored nickel cathode of 
the tfjCO, electrolytic cell hydrino hydride reactor (sample #iA) was 

1 0 obtained at IC Laboratories and is shown in FIGURE 50. The identifiable 

peaks corresponded to KHCO y In addition, the spectrum contained a 

number of peaks that did not match the pauern of any of the 50,000 
knewn compounds in the data base. The 2-lhcta and d-spacings of the 
unidentified XRD peaks of the crystals from the cathode of the A\C0 3 

J 5 clecirolyiic cell hydrino hydride reactor are given in TABLE 9. The novel 
peaks without identifying assignment given in TABLE 9 corresponds and 
identifies hydrino hydride compounds, according to the present 
invention. 

In addition, the elemental analysis of the crystals was obtained at 

2 0 Galbraith Laboratories. )i was consistenl with the sample comprising 

KHCO>* but the atomic hydrogen percentage was 30% in excess. The mass 

spectrum was similar to thai of mass spectroscopy electrolytic cell 
sample N3 shown in FIGURE 24. The XPS contained hydrino hydride ion 
peaks H~{n~\t p) for p = 2 to p=l6 that were partially masked by the 
2 5 dominant spectrum of KHCO y These results are consistent with the 

production of KHC0 3 and hydrino hydride compounds from K J CO i by the 
formation of hydrinos by the K 7 CO> electrolytic cell hydrino hydride 
reactor and the reaction of hydrinos with water (Eqs. (55-57). 
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TABLb 9. The 2-thcta and d-spacings of the unidentified XRD peaks of 
the crystals from ihe cathode of the K,CO, electrolytic cell bydrino 
hydride reactor (sample tfiA). 



Peak Number 



10 



15 



20 



1 

3 

4 

5 
6 
7 

10 
1 t 

12 
13 
10 

26 
27 
33 
36 
39 
40 



l- incta 




d 






(A) 


1 1.36 




7.7860 


14.30 




6.1939 


16.96 




5.2295 


17.62 




5.0322 


19.65 




4.5168 


21.51 




4.1303 


26.04 




3.4226 


26.83 




3.3230 


27.34 




3.2621 


27.92 




3.1957 


32.43 




2.7612 


35.98 




2.4961 


36.79 




2.4433 


40.41 




2.2319 


44.18 




2.0502 


46.28 




1.9618 


47.60 




K9104 



25 



30 



nf v,£n Sa 7 ,C / ,B * U,c XRD P a '«™ corresponded .o identifiable peaks 
oi KH(.Oj. In addiuon, the spectrum contained unidentified peaks at 2- 

theta values and d-spacings given in TABLE 10. The novel peaks of 
TABLE 10 without identifying assignment correspond to and identify 
hydr.no hydride compounds thai where isolated from .he cathode via a 
reacon with 0.6M KXOJW% H 7 O t , according IO , hc present invention 
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TABLE 10. The 2-thcta and d-spacings of ihc unidentified XRD peaks of 
the crystals isolated following reaction of the cathode of ihe INEL K 7 CO, 
electrolytic cell with 0.6M K,oyi0% H 7 0, (sample #IB). 



2-Theta 


d 


(Dcg) 


(A) 


12.9 


6.052 


30.5 


2.930 


35.9 


2.501 



The XRD pattern of the crystals prepared by concentrating the 
electrolyte from the K 2 CO s Thermacore Electrolytic Cell until a precipitate 
just formed (sample //2) was obtained at 1C Laboratories and is shown in 

1 5 FIGURE 51. The identifiable peaks corresponded to a mixture of 

Jr 4 tf,(O0,),-l.5JJ ; O and K,CO> 1.S//.0. In addition, the spectrum contained a 

number of peaks that did not match the pattern of any of the 50.000 
known compounds in the data base. The 2-ihcta and d-spacings of the 
unidentified XRD peaks of the crystals from the cathode of the K.CO x 

2 0 electrolytic cell hydririo hydride reactor are given in TABLE II. The 

novel peaks without identifying assignment given in TABLE 11 
correspond to ;c!e:;;;fy hydrir.c hydride compounds, according ;o tl 

present invention. 

In addition, the elemental analysis of the crystals was obtained at 

2 5 Galbraith Laboratories. It was consistent with the sample comprising a 

mixture of KJ1 2 (CO, \ 1.5 H 7 0 and K 2 COy\.SI1 7 O y but the atomic hydrogen 

percentage was in excess even if the compound were considered 100% 
K 4 H t (CO y ) y \.SH t O. The XPS (FIGURE 21). TOFSIMS (TABLES 13 and 14). 

FT1R (FIGURE 68), and NMR (FIGURE 73) were consistent whh hvdrino 

w 

3 0 hydride compounds. 
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TAB Lb Jl. The 2 Iheta and d-spacings of the unidentified XRD peaks of 
the crystals from K 2 CO, electrolytic cell hydrino hydride reactor (sample 
#2). 



Peak Number 


- - Jncia 


Q 




(*>g) 


(A) 


2 


12.15 


7 2876 


4 


12.91 


6 8S74 


8 


24.31 


3.6614 


12 


20.46 


3.1362 


15 


30.20 


2.9594 


31 


39.34 


2.2906 


33 


40.63 


2.2206 


36 


43.10 


2.0991 


40 


45.57 


1.9905 


42 


46.40 


1.9570 


46 


47.59 


1.9141 


47 


47.86 


1.9006 


52 


50.85 


1.7958 


54 


51.75 


1.7665 


56 


52.65 


1.7386 


57 


53.81 


1.7037 


58 


54.46 


1.6850 


60 


56.49 


1.6292 


63 


58.88 


1.5685 


65 


60.93 


1.5207 


66 


63.04 


1.4747 



For sample #3A. ihe XRD pattern corresponded lo identifiable 
peaks of KNO>. In addition, the spectrum contained unidentified peaks at 
2-theta values and d-spacings given in TABLE 12. The novel peaks of 
TABLE 12 without identifying assignment correspond to and identify 
hydrino hydride compounds, according to the present inveni.on. The 
assignment of the compounds containing hydrino hydride ions was 
confirmed by the XPS of these crystals shown in FIGURE 21. 

TABLE 12. The 2-theta and d-spacings of the unidentified XRD peaks of 
the yellow-white crystals lhat formed on the outer edge of a 
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crystallization dish from ihc acidified electrolyte of the K,C0, 
Thermacore Electrolytic Cell (sample tf3A). 



2-Tbcta 


d 


(Dcg) 


(A) 


20.2 


4.396 


22.0 


4.033 


24.4 


3.642 


26.3 


3.39t 


27.6 


3.232 


30.9 


2.894 


31.8 


2.795 


39.0 


2.307 


42.6 


2.124 


48.0 


1.897 



For simple #3B, the XRD paitcrn corresponded to identifiable peaks 
of KNO y In addition, the spectrum contained very small unidentified 
2 0 peaks at 2 theta values of 20.2 and 22.0 which were attributed to minor 
contamination with crystals of sample *3A. In addition to the peaks of 
KNO % . the XPS spectra of samples *3A and «33 contained the same peaks 
as those assigned to hydrino hydride ions in FIGURE 19. However. rheir 
intensity was significantly greater in the case of the XPS spectrum of 

2 5 sample #3A as compared to the spectrum of sample ff3B. 

For sample 84, the XRD pattern corresponded to identifiable peaks 
of KNO y In addition, the spectrum contained unidentified peaks at a 2- 
iheta value of 40.3 and d spacing of 2.237 and at a 2-lheta value of 62.5 
and d-spacing of 1.485. The novel peaks without identifying assignment 

3 0 correspond to and identify hydrino hydride compounds, according to the 

present invention. The assignment of hydrino hydride compounds was 
confirmed by the XPS. The spectrum obtained of these crystals had the 
same hydrino hydride ions XP$ peaks as that shown in FIGURE 19. Also, 
mass spectroscopy was performed by the method o lven in ihc 
3 5 identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. The mass ranges m/e = I to 220 and m/«r=ltol20 were scanned. 
The mass spectrum was ccpiivalent to that to that of mass spectroscopy 
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electrolytic eel! sample «3 shown in FIGURE 2 with parent peak 
identifications shown in TABLE 4 except that the following ncw hydrino 
hydride compound peaks were present: Si y H m O (mlc = 110), Si 2 H % 
(m/<» = 64) v SiH t (m/f = 36), and Si//, {mfe= 30). 

For sample fl5, the XRD spectrum contained a broad peak with a 
maximum at a 2-thcra value of 21.291 and d-spacing of 4.1699 and one 
sharp intense peak at a 2-theta value of 29.479 and d-spacing of 3.0277. 
The novel peaks without identifying assignment correspond to and 
identify hydrino hydride compounds, according to the present invention. 
The assignment of compounds containing hydrino hydride ions was 
confirmed by XPS. The origin of the ycllowish-rcddish-brown color of 
the crystals is assigned to the continuum absorption of //"(« = 1/2) in the 
near UV k 407 /im continuum. This assignment is supported by the XPS 
results which showed a large peak at the binding energy of W~(/i = 1/2), 3 
eV (TABLE I). Also, mass spectroscopy was performed as given in the 
Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. Mass spectra appear in FIGURE-IS 28A-28B and 29, and the peak 
assignments are given in TABLE 4 Hydrino hydride compounds were 
observed. 

JJ.A.Jdemificanon jOtelliniL^^ Com pounds, a nd 

IXiiiydrjnQ Molecular I on Formation bv Extreme IJhraviniAi S*v»rtrocrr>MV 

_ . — — — — - ; - ~ ■ I 

The catalysis of hydrogen was detected by the extreme ultraviolet 
(0UV) emission (912-4) from transitions of hydrogen atoms to form 
hydrino. The principle reactions of interest are given by Eqs. (3-5). The 
corresponding extreme UV photon is: 



Hydrinos can act as a catalyst because the excitation and/or ionization 
energies are mX27.2«-V (Eq. (2)). For example, the equation for the 

absorption of 27.21 *V, m=| in Eq. (2), during the catalysis of fil^} by 




(64) 
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ir ♦ ->//^.j-H16rV (66) 
And, ihe overall reaction is 

"[^]~* H \ 9 f} ¥ 13? ~ ?? ~ * lx,lfi * v+ 116 eV (67) 

The corresponding extreme UV photon is: 

5 A/^j-itL^ f^2jLj+9i2 A (68 ) 

The same transition can also be catalyzed by potassium ions 

y^JI—, 912 /I (69) 

The reaction of a proton with the hydrino atom to form ihe 
dihydrino molecular ion //^2c = o,]* according to the firs! stage of the 

I 0 reaction given by Eq. (37) was detected by EUV spectroscopy. Tbe 
corresponding extreme UV photon corresponding to the reaction of 

hydrino aiom H y~j wim a pTOlon is: 




2c ~ — * 



+ hvi)20nm) (70) 



The emission of the dihydrino molecular ion may be split due to coupling 

1 5 with rotational transitions. The rotational wavelength including 

vibration given in ihe Vibration of Hydrogen -Type Molecular Ions 
Section of '9<S Mitts GUT *$ 

The hydrino hydride compounds with transitions in the regions of 

2 0 the hydrino hydride ion binding energies given in TABLE 1 and the 

corresponding continua were also detected by EUV spectroscopy. The 
reactions occurred in a gas discharge cell shown in FIGURE 52. Due to the 
extremely short wavelength of the radiation to be detected, "transparent" 
optics do not exist. Therefore, a windowless arrangement was used 

2 5 wherein the sample oi source of the studied species was connected to the 

same vacuum vessel as the grating and detectors of the UV spectrometer. 
Windowless EUV spectroscopy was performed with an extreme 
ultraviolet spectrometer that was mated with the cell by a differentially 
pumped connecting section that had a pin hole light inlet and outlet. The 

3 0 cell was operated under hydrogen flow conditions while maintaining a 
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constant hydrogen prcssmc wiih a mass flow controller. The apparatus 
used lo study the extreme UV spectra of the gaseous reactions is shown 
in FIGURE 52. It contains foui major components: gas discharge cell 907, 
UV spectrometer 991. mass spectrometer 994, and connector 976 which 
5 was differentially pumped. 

1 3 . C> . I Experimental Methods 

The schematic of the gas discharge cell light source, the extreme 
I 0 ultraviolet (EUV) spectrometer for windowlcss EUV spectroscopy, and the 
mass spectrometer used to observe hydrino, hydrino hydride ion, 
increased binding energy hydrogen compound, and dihydrino molecular 
ion- formations and transitions is shown in FIGURE 52. The elements of 
the segment of the apparatus of FIGURE 52 marked "A", correspond in 

1 5 structure and function to the like-numbered 500-scrics elements of 

FIGURE b. The construction of the FIGURE 6 device is described in the 
Gas Discharge Cell Section, above The apparatus of FIGURE 52 contained 
the following modifications. 

The apparatus of FIGURE 52 further contained a hydrogen mass 

2 0 flow controller 934 which maintained the hydrogen pressure in cell 907 

with differential pumping at 2 rorr. The gas discharge cell 907 of FIGURE 
52 further comprised a catalyst reservoir 971 for KNO y or Kl catalyst 

that was vaporized from the catalyst reservoir by heating with ihe 
catalyst heater 972 using heater power supply 973. 

2 5 The apparatus of FIGURE 52 further included a mass spectrometer 

apparatus 995 which was a Dycor System 1000 Quadrapolc Mass 
Spectrometer Model 0D2OOMP with a HOVAC Dri-2 Turbo 60 Vacuum 
System connected to an EUV spectrometer 991 by line 992 and valve 
993. The EUV spectrometer 991 was a McPherson extreme UV region 

3 0 spectrometer. Model 234/302VM (0.2 meter vacuum ultraviolet 

spectrometer) with a 7070 VUV channel electron multiplier. The scan 
interval was 0.01 mn, the inlet and outlet slit were 30-50 /rm, and the 
detector voltage was 2400 volts. EUV spectrometer 991 was connected 
lo a lurbomolecular pump 988 by line 985 and valve 987. The 
3 5 specirometcr was continuously evacuaicd to !0"*-10"* torr by the 
turbomolccular pump 988 wherein the pressure was read by cold 
cathode pressure gauge 986. The EUV spectrometer was connected to 
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the gas discharge cell light source 907 by connector 976 which provided 
a light path through the 2 mm diameter pin hole inlet 974 and the 2 mm 
diameter pin hole outlet 975 to the aperture of the EUV spectrometer. 
The connector 976 was differentially pumped to 10 J torr by a 
5 turbotnolecular pump 988 wherein the pressure was read by cold 

cathode pressure gauge 982 The turbomolccular pump 984 connected to 
Ihe connector 976 by line 981 and valve 983. 

In the case of KNO y the catalyst reservoir temperature was 450- 
500 °C. In the case of KI catalyst, the catalyst reservoir temperature was 
1 0 700 800 "C. The cathode 920 and anode 9)0 were nickel. In one run, 
the cathode 920 was nicke) foam metal coaled wiih KI catalyst. For 
other experiments, I.) the cathode was a hollow copper cathode coated 
with KI catalyst, and ihe conducting cell 901 was the anode, 2.) the 
cathode was a !/8 inch diameter stainless steel tube hollow cathode, the 

1 5 conducting cell 901 was ihe anode, and KI catalyst was vaporized 

directly into the center of the cathode by heating the catalyst reservoir 
to 700-800 °C, or 3.) the cathode and anode were nickel and the Ki 
catalyst was vaporized from the KI coated cell walls by the plasma 
discharge. 

2 0 The vapor phase transition reaction was continuously carried out in 

gas discharge cell 907 such that a flux of extreme UV emission was 
produced therein. The cell was operated under flow conditions wiih a 
total pressure of t-2 torr controlled by mass flow controller 934 where 
the hydrogen was supplied from the tank 980 through the valve 950. 

2 5 The 2 lorr pressure under which cell 907 was operated significantly 

exceeded the pressure acceptable to run the UV spectrometer 991; thus, 
the connector 976 with differential pumping served as "window" from 
the cell 907 to the spectrometer 991. The hydrogen that flowed through 
light path inlet pin hole 974 was continuously pumped away by pumps 

3 0 984 and 988. The catalyst was partially vaporized by heating the 

catalyst reservoir 971, or it was vaporized from the cathode 920 by the 
plasma discharge. Hydrogen atoms were produced by the plasma 
discharge. Hydrogen catalysis occurred in the gas phase with ihe contact 
of catalyst ions with hydrogen atoms. The catalysis followed by 
3 5 disproporlionation of atomic hydrinos resulted in the emission of photons 
directly, or emission occurred by subsequent reactions to form dihydrino 
molecular ions and by formation of hydrino hydride ions and compounds. 
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Further emission occurred doe to excitation of increased binding energy 
hydrogen species and compounds by the plasma. 

13.6.2 Results and Discussion 

5 

The EUV spectrum (20-75/tm) recorded of hydrogen alone and 
hydrogen catalysis with KNO ) catalyst vaporized from the catalyst 

reservoir by heating is shown in FIGURE 53. The broad peak at 45.6 nm 
with the presence of catalyst is assigned to the potassium electron 

1 0 recombination reaction given by Eq. (4). The predicted wavelength is 

45.6 which is agreement with thai observed. The broad nature of the 

peak is typical of the predicted continuum transition associated with the 

electron transfer reaction. The broad peak at 20-40/w> is assigned to the 

continuum spectra of compounds comprising hydrino hydride ions 

!5 \r(\! 12), and the broad peak at 54 - 65 nm is assigned to the 

continuum spectia of compounds comprising hydrino hydride ion 
//"(1/6). 

The EUV spectrum (90-93w»i) recorded of hydrogen catalysis with 
Kl catalyst vaporized the nickel foam metal cathode by the plasma 
20 discharge is shown in FIGURE 54. The EUV spectrum (89-93™) recorded 
of hydrogen catalysis with a five way stainless steel cross gas discharge 
cell that served as the anode, a stainless steel hollow cathode, and Kl 
catalyst that was vaporized directly into the plasma of the hollow 
cathode from the catalyst reservoir by heating which is superimposed on 

2 5 four control (no catalyst) runs is shown in FIGURE 55. Several peaks are 

observed which are not present in the spectrum of hydrogen alone as 
shown in FIGURE 53. These peaks arc assigned to the catalysis of 
hydrogen by K* / K' (Eqs. (3-5); Eq, (64)) wherein the line splitting of 
about 600 cm" 1 is assigned to vibrational coupling with gaseous Kl dimers 

3 0 which comprise the catalyst IS. Daiz. W. T. Smith, £. H. Taylor, The Journal 

of Chemical Physics. Vol. 34, No. 2, (1961), pp. 558-564]. The splitting of 
the 91.75 «m line corresponding to hydrogen catalysis by vibrational 
coupling is demonstrated by comparing the spectrum shown in FIGURE 
54 with the EUV spectrum (90-92.2 nm) recorded of hydrogen catalysis 
3 5 with Kl catalyst vaporized from the hollow copper cathode by the 
plasma discharge shown in FIGURE 56. With sufficient vibrational 
energy provided by the catalysis of hydrogen, the dimer is predicted to 
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dissociate. The feature broad feature at 89 nm of FIGURE 55 may 
represent the Kl dimcr dissociation energy of 0.34 eV . Vibrational 
excitation occurs during catalysis according to Eq. (3) to give shorter 
wavelength emission for the reaction given by Eq. (64) or longer 

5 wavelength emission in the case that the transition simultaneously 

excites a vibrational mode of the Kl dimer. Rotational coupling as well as 
vibrational coupling is also seen in FIGURE 55. 

In addition to the line spectia shown in FIGURES 54, 55. and 56, the 
catalysis of hydrogen was predicted to release energy through excitation 

1 0 of normal hydrogen which could be observed via EUV spectroscopy by 
eliminating the contribution due to the discharge. The catalysis reaction 
requires hydrogen atoms and gaseous catalyst which are provided by (he 
discharge. The time constant to turn off the plasma was measured with 
an oscilloscope to be less than 100 /iscc. The half-life of hydrogen atoms 

15 is of a different time scale, about one second |N. V. Sidgwick, The 

Chemica l Eleme nts and Their Compounds. Volume 1, Oxford, Clarendon 
Press, (1950), p. 17.). and the half-life of hydrogen atoms from the 
stainless steel cathode following termination of the discharge power is 
much longer (seconds io minutes). The catalyst pressure was constant. 

2 0 To eliminate the background emission directly caused by the plasma, the 
discharge was gated with an off time of 10 milliseconds up to 5 seconds 
and an on time of 10 milliseconds to 10 seconds. The gas discharge cell 
comprised a five way stainless steel cross that served as the anode with 
a stainless steel hollow cathode. The Kl catalyst was vaporised directly 

2 5 into the plasma of the hollow cathode from the catalyst reservoir by 

heating. 

The EUV spectrum was obtained which was similar to that shown 
in FIGURE 55. During the sated EUV scan at about 92 nm t the dark counts 
(gated plasma turned off) with no catalyst were 2012; whereas, the 

3 0 counts in the catalyst case were about 70. Thus, ihe_ energy released by 

catalysis of hydrogen, disproportionate, and hydrino hydride ion and 
compound reactions appears as line emission and emission due to the 
excitation of normal hydrogen. The half-life for hydrino chemistry that 
excited hydrogen emission was determined by recording the decay in the 
3 5 emission over time after the power supply was switched off. The half- 
life with the stainless steel hollow cathode with constant catalyst vapor 
pressure was determined to be about five to 10 seconds. 
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The EUV spectrum (20- 120 nm) recorded of normal hydrogen and 
hydrino hydride compounds that were excited by a plasma discharge is 
shown in FIGURE 57 and FIGURE 58> respectively. The position of the 
hydrino hydride binding energies in free space arc shown in FIGURE 58. 

5 Under the low temperature conditions of the discharge, the hydrino 
hydride ions bonded to one or more cations to form neutral hydrino 
hydride compounds which were excited by the plasma discharge to emit 
the observed spectrum. The gas discharge cell comprised a five way 
stainless steel cross thai served as the anode with a hollow stainless steel 

10 cathode. In the case of the reaction to form hydrino hydride compounds, 
the A7 catalyst was vaporized directly into the plasma of ihc hollow 
cathode from the catalyst reservoir by healing. Compared to a discbarge 
of standard hydrogen shown in FIGURE 57, the spectrum of hydrino 
hydride compounds with hydrogen shown in FIGURE 58 has an additional 

15 feature at A = 110.4 "/n as well as other features at shorter wavelengths 
(A<80/wi) that arc not present in the spectrum of a discharge of 
standard hydrogen. These features occur in the region of hydrino 
hydride ion binding energies given in TABLE 1 and indicated in FIGURE 
58. A series of emission features were observed in the region the 

2 0 calculated free hydrino hydride ion binding energy for //"(I/4) 110.38 nm 
to H'{\f\l) 22.3<i nm. The observed features occur at slightly shorter 
wavelengths than that of each free ion indicated in FIGURE 58. This is 
consistent with the formation of stable compounds. The line intensities 
increase with shorter wavelength which is consistent with the formation 

2 5 of the most stable hydrino hydride ion and corresponding compounds 

over time. The EUV peaks can not be assigned to hydrogen, and the 
energies match those assigned to hydrino hydride compounds given in 
the Identification of Hydrinos, Dihydri»os» and Hydrino Hydride Ions by 
XFS (X-ray Photoelectron Spectroscopy) Section. Thus, these EUV peaks 

3 0 arc assigned to the spectra of compounds comprising hydrino hydride 

ions AT(l/4)- ft" (I /II) having transitions in the regions of the binding 
energies of the hydrino hydride ions shown in TABLE I. 

The mass spectrum (m/*- 0-100) of the gaseous hydrino hydride 
compounds was recorded alternatively with the EUV spectrum. The 
3 5 mass spectrum {mi * = 0-U0) of the vapors from the crystals from a gas 
discharge cell hydrino hydride reactor comprising a Kl catalyst and a Ni 
electrodes with a sample heater temperature of 225 °C shown in FIGURE 
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35 with parent peak identifications shown in TABLE 4 are representative 
of the results. A significant m/,r = 4 peak was observed in the mass 
spectrum thai was not present in controls comprising discharge with 
hydrogen alone. The 584 A emission of helium was not observed in the 
5 P.UV spectrum. The mtc=4 peak was assigned to H\{\lp) which serves 
as a signature for the presence of dihydrino molecules. 

The XPS and mass spectroscopy results given in the Identification 
of Hydrinos, Dihydrinos, and Hydrino Hydride Ions by XPS (X-ray 
Photoclcctron Spectroscopy) Section and the Identification of Hydrino 
10 Hydride Compounds by Mass Spectroscopy Section, respectively, and the 
[•UV spectroscopy and mass spectroscopy results given herein confirm 
hydrino hydride compounds. 

- The £UV spectrum (120- 124.5 run) recorded of hydrogen catalysis to 
form hydrino that reacted with discharge plasma protons is shown in 

1 5 RGURE 59. The Ki catalyst was vaporized from the walls of the quartz 

cell by the plasma discharge at nickel electrodes. The peaks are assigned 
to the emission due to the reaction given by 6q. (70). The 0.03 <-V{42 //,«) 
splhiing of the EUV emission lines is assigned to the J + 1 to J rotational 
transitions of H\\2c=aj given by Eq. (71) wherein the transitional 

2 0 energy of the reactanis may excite a rotational mode whereby the 

rotational energy is emitted with the reaction energy to cause a shift to 
shorter wavelengths, or the molecular ion may form in an excited 
rotational level with a shift of the emission to longer wavelengths. The 
agreement of the predicted rotational energy splitting aiK j t j)e position of 

2 5 the peaks is excellent. 

112 IdcntLficatipn of Hy.drjiio_Jlvdri de Com pounds hv Ijm^JLHi&tll: 

^e^ndarvlpn : Ma55-S r>ectroscopv CL QFSMS} 

3 0 lime. Of- Flight-Secondary- Ion -Moss- Spectroscopy (TOFSIMS) is a 

method to determine the mass spectrum over a large dynamic range of 
mass to charge ratios (e.g. m (e= 1-600) with extremely high precision (e.g. 
±0.005 omu). The analyie is bombarded with charged ions which ionizes the 
compounds present to form molecular ions in vacuum. The mass is then 
3 5 determined with a high resolution time-of-flight analyzer. 
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13.7.1 Sample Collection and Preparation 

A reaction for preparing hydrino hydride ion-containing compounds 
is given by Eq. (8). Hydrino atoms which rcaci to form hydrino hydride 
5 ions mny be produced by an electrolytic cell hydride reactor and a gas cell 
hydrino hydride reactor which were used to prepare crystal samples for 
TOFSIMS. The hydrino hydride compounds were collected directly in both 
cases, or they were purified from solution in the case of the electrolytic 
cell. For one sample, the /f 7 C0, electrolyte was acidified with HNO^ before 

10 crystals were precipitated on a crystallization dish. In another sample, the 
K 2 CO y electrolyte was acidified with HNO % before crystals were 
precipitated. 

Sample HI. The sample was prepared by concentrating the KjCO y 

1 5 electrolyte from the Theimacore Electrolytic Cell until yellow-white 

crystals just formed. XPS was also obtained ai Lehigh University by 
mounting the sample on a polyethylene support. The XPS (XPS sample 
#6), XRD spectra (XRD sample //2), FTIR spectrum (FTIR sample tfl). NMR 
(NMR sample #1). and GSITOFMS spectra (ES1TOFMS sample tf2) were also 

2 0 obtained. 

Sample #2. A reference comprised 99.999% KHCO y . 

Sample #3. The sample was prepared by I.) acidifying 400 cc of the 

2 5 K 7 CO) electrolyte of the Thermacorc Electrolytic Cell with HNO yp 2.) 

concentrating the acidified solution to a volume of 10 cc. 3.) placing the 
concentrated solution on a crystallization dish, and 4.) allowing crystals to 
form slowly upon standing at room temperature. Yellow white crystals 
formed on the outer edge of the crystallization dish. XPS (XPS sample 

3 0 ti\0), mass spectra (mass spectroscopy electrolytic cell samples tt5 and 

f/6), XRD spectra (XRD samples #3A and d3B). and FTIR spectrum (FTIR 
sample #4) were also obtained. 

Sample #4. A reference comprised 99.999% KNO y . 

35 

Sample #5. The sample was prepared by filtering the A^CO, BLP 
Electrolytic Cell with a Whatman 110 mm filter paper (Cat. No. 1450 110) 
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to obtain white crystals. XPS (XPS sample tf4) and mass spectra (mass 
spectroscopy electrolytic cell sample were also obtained. 

Sample #6. The sample was prepared by acidifying the K 7 CO % 
5 electrolyte from die BLP Electrolytic Cell with HNO )t and concentrating the 
acidified solution until yellow- white crystals formed on standing at toom 
temperature. XPS (XPS sample fl5), the mass spectroscopy of a similar 
sample (mass spectroscopy electrolytic cell sample #3), and TGA/DTA 
(TGA/DTA sample It2) was also performed. 

10 

Sample fl7. A reference comprised 99.999% Na y CO % . 

- Sample The sample was prepared by concentrating 300 cc of the 

K 2 CO s electrolyte from the BLP Electrolytic Cell using a rotary evaporator 

1 5 at 50 *C until a precipitate just formed. The volume was about 50 cc. 

Additional electrolyte was added while healing at 50 *C until the crystals 
disappeared. Crystals were then grown over three weeks by allowing ihe 
saturated solution to stand in a sealed round bottom flask for three weeks 
at 25*C The yield was 1 g. XPS (XPS sample #7), »K NMR i»K NMR 

2 0 sample fll), Raman spectroscopy (Raman sample JM), and ESITOFMS 

(BSITOFMS sample #3) were also obtained. 

Sample »9. The sample was prepared by collecting a red/orange 
band of crystals that were cryopumped lo the lop of the gas cell hydrino 

2 5 hydride reactor at about 100 & C comprising a Kl catalyst and a nickel 

fiber mat dissociator thai was heated to 800 °C by external Mellen 
heaters. The ESITOFMS spectrum (ESITOFMS sample A3) spectrum was 
also obtained as given in the ESITOFMS section. 

3 0 Sample #10. The sample was prepared by collecting a yellow hand 

of crystals that were cryopumped to the top of the gas cell hydrino 
hydride reactor at about !20°C comprising a K) catalyst and a nickel 
fiber mat dissociator that was heated to 800 °C by external Mellen 
heaters. 



Sample #11. The sample was prepared by acidifying 100 cc of the 
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K } C0, electrolyte from the BLP Electrolytic Cell with H,SO,. The solution 
was allowed to stand open for three months ai room temperature in a 
250 ml beaker Fine white crystals formed on the walls of the beaker by 
a mechanism equivalent to thin layer chromatography involving 
5 atmospheric water vapor as the moving phase and the Pyrex silica of the 
beaker as the stationary phase. The crystals were collected, and 
TOFSIMS was performed. XPS (XPS sample 88) was also performed. 

Sample #12. The cathode of a K 7 CO y electrolytic cell run at Idaho 
10 National Engineering Laboratories (INEL) for 6 months that was identical 
to that of described in the Crystal Samples from an Electrolytic Cell Section 
was placed in 28 liters of 0.6M K 3 CO>/\0% H 7 0 7 . 200 cc of the solution was 
acidified with HNO y The solution was allowed to stand open for three 
months ai room temperature in a 250 ml beaker. White nodular crystals 
15 formed on the walls of the beaker by a mechanism equivalent to thin 

layer chromatography involving atmospheric water vapor as the moving 
phase and the Pyrex silica of the beaker as the stationary phase. The 
crystals were collected, and TOFSIMS was performed. XPS (XPS sample 
«9) was also performed. 



20 



25 



Sample #13. The sample was prepared from the cryopurnped 
crystals isolated from the cap of a gas cell hydrino hydride reactor 
comprising a Kl catalyst, stainless steel filament leads, and a W filament. 
XPS (XPS sample /H4) was also performed. 



30 



13.7.2 Time-Of-Fnght-Sccondary*lon^Mass-Spcctroscopy (TOFSIMS) 

Samples were sent to Charles Evans East for TOFSIMS analysis. Die 
powder samples were sprinkled onto the surface of double-sided adhesive 
tapes. The instrument was a Physical Electronics. PHI-Evans TFS-2000. 
The primary ion beam was a W C<T liquid metal ion g UI1 w i, h a primary 
beam voltage of 15 kV bunched. The nominal analysis regions were 
02/im)\ (I8;//h)\ and (25/im) ? . Charge neutralization was active. The post 
3 5 acceleration voltage was 8000 V. The contrast diaphragm was zero. No 
energy slit was applied. The gun aperture was 4. The samples were 
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analyzed without sputtering. Then, the samples were sputter cleaned for 
30 s to remove hydrocarbons with a 40pm raster prior to repeat analysis. 
The positive and negative SIMS spectra were acquired for three (3) 
locations on each sample. Mass spectra arc plotted as the number of 
5 secondary ions detected (Y-axis) versus the mass-to-chargc ratio of the 
ions (X-axis). 

13.7.3 XPS to Confirm Timc-Of-FJight-Sccondary-lon-Mass-Spcclroscopy 

(TOPS I MS) 

10 

XPS was performed to confirm the TOFS1MS data. Samples were 
prepared and run as described in the Crystal Samples from an Electrolytic 
CeH of the Identification of Hydrinos, Dihydrinos, and Hydrino Hydride 
Ions by XPS (X-ray Photoclectron Spectroscopy) Section. The samples 

1 5 were: 

XPS Sample fllO. The sample was prepared by I.) acidifying 400 cc 
of the KXO } electrolyte of the Thennacore Hlecirolytic Cell with HNO yt 2.) 

concentrating the acidified solution to a volume of 10 cc. 3.) placing the 

2 0 concentrated solution on a crystallization dish, and 4.) allowing crystals to 

form slowly upon standing at room temperature. Yellow-white crystals 
formed on the outer edge of the crystallization dish. XPS was performed 
by mounting the sample on a polyethylene support. The identical 
TOFSIMS sample was TOFS1MS sample S3. 

2 5 

XPS Sample tfIL The sample was prepared by acidifying the tf ? C0 3 
electrolyte from the BLP Electrolytic Cell with ///, and concentrating the 
acidified solution to 3 M. White crystals formed on standing at room 
temperature for one week. The XPS survey spectrum was obtained by 

3 0 mounting the sample on a polyethylene support. 

XPS Sample #12. The sample was prepared by I.) acidifying the 
K^COy electrolyte from the BLP Electrolytic Cell with HNO>. 2.) heating the 

acidified solution to dryness at 85 °C, 3.) further heating the dried solid 
3 5 to 170°C to form a melt which reacted with MO as a product, 4.) 

dissolving the products in water, 5.) filtering the solution to remove NiQ t 
6.) allowing crystals to form on standing at room temperature, and 7.) 
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rccrystalli2ing ihc crystals. The XPS was obtained by mounting the 
sample on a polyethylene support. 

XPS Sample #13. The sample was prepared from the cryopuinped 
5 crystals isolated from the AO °C cap of a gas cell hydrino hydride reactor 
comprising a X/ catalyst, stainless steel filament leads, and a IV filament 
which was prepared by L) rinsing the hydrino hydride compounds from 
the cap of the cell where they were preferentially cryopumped, 2.) 
filtering the solution to remove water insoluble compounds such as mcta) v 

1 0 3.) concentrating the solution until a precipitate just formed with the 

solution at 50 °C, 4.) allowing yellowish-reddish-brown crystals to form on 
standing at room temperature, and 5.) filtering and drying the crystals 
before the XPS and mass spectra (gas cell sample HI) were obtained. 

15 XPS Sample #14 comprised TOPSIMS sample ffH. 

XPS Sample JH5 comprised 99.99% pure Kl. 

13.7.4 Results and Discussion 

20 

In the case that an M+2 peak was assigned as a potassium hydrino 
hydride compound in TABLES 13-16 and 18-33. the intensity of ih« M + ? 
peak significantly exceeded the intensity predicted lor the corresponding 
4, tf peak, and the mass was correct. For example, rhe intensity of the peak 

2 5 assigned lo Kt1KOH 7 was about equal to or greater than the intensity of the 

peak assigned to K 2 OH as shown in FIGURE 60 for TOFSIMS sample #8 and 
TOFSIMS sample #10. 

For any compound or fragment peak given in TABLES 13-16 and 18- 
33 containing an clement with more than one isotope, only the lighter 

3 0 isotope is given (except in the case of chromium where identifications 

were with w Cr). In each case, it is implicit that the peak corresponding to 
the other isotopes(s) was also observed with an intensity corresponding to 
about the correct natural abundance (e.g. M M\ *Ni. and tl Ni\ w O< and "Cn; 
"Cr. *Cr, "Cr; and *Cr; "Zit, *Z«, 6, Zn, and "Z*; and w Afo, *Mo *>Mo »Mo 
3 5 "Mo, "Mo r and w A*o). 

In the case of potassium, the *K potassium hydrino hydride 
compound peak was observed at an intensity relative to corresponding 4t K 
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peak which greatly exceeded the natural abundance. In some cases such 
as ?9 KH; and KJ^NOy. the 4i K peak was not prescnl or a mctastable neutral 
was present. For example, in the case of J Vf//j, the corresponding "K peak 
was nol present. But, a peak was observed at mi t 4K36 which may 
5 account for ihe missing ions indicating that the "K species {*KHl) was a 
neutral mctastable. 

A more likely alternative explanation is that "K and * % K undergo 
exchange, and for certain hydrino hydride compounds, the bond energy of 
the "K hydrino hydride compound exceeds that of the compound by 

10 substantially more than the thermal energy. The stacked TOFSIMS spectra 
in /<r = 0-50 in the order from bottom to top of TOFSIMS sample //4, tfl, 
tf6, and «8 are shown in FIGURE CIA, and the stacked TOFSIMS spectra 
m/t <=0 50 in the order from bottom to top of TOFSIMS sample tf9, fflO, 
#11, and 812 are shown in FIGURE 6IB. The top two spectra of FIGURE 

15 61A are controls which show the natural 5 >/C7 "ff ratio. The remaining 

spectra of FIGURES 61 A and 61 B demonstrate the presence of '*KH: in the 
absence of 4, /C7/;. 

The selectivity of hydrino atoms and hydride ions to form bonds 
with specific isotopes based on a differential in bond energy provides the 
2 0 explanation of ihe experimental observation of the presence of "KM in the 
absence of "KH; in the TOFSIMS spectra of crystals from both electrolytic 
and gas cell hydrino hydride reactors which were purified by several 
different methods. A known molecule which exhibits a differential in 
bond energy due to orbital-nuclear coupling is ortho and para hydrogen. 

2 5 At absolute zero, the bond energy of para- if, is 103.239 kcal/mole; 

whereas, the bond energy of ortho- H 7 is 102.900 kcal/mole. In the case of 
deuterium, Ihe bond energy of para- D 2 is 104.877 kcal/molc, and the 
bond energy of ortho - /X is 105. 048 kcal/ mole [H. W. Woolcy, R. B. Scott, 
F. G. Brickwedde, J. Res. Nat. Bur. Standards, Vol. 41, (1948), p. 379]. 

3 0 Comparing deuterium to hydrogen, the bond energies of deuterium are 

greater due to the greater mass of deuterium which effects the bond 
energy by altering the zero order vibrational energy as given in '96 Mills 
GUT. The bond energies indicate that the effect of orbital-nuclear coupling 
on bonding is comparable to the effect of doubling the mass, and the 
3 5 orbital-nuclear coupling contribution to the bond energy is greater in the 
case of hydiogen. The latter result is due to the differences in magnetic 
moments and nuclear spin quantum numbers of the hydrogen isotopes. 
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is 2c =& 

P 



For hydrogen, the nuclear spin quanium number is / = l/2, and Ihe nuclear 
magnetic momenl is y/, = 2.79268 p„ where is the nuclear magneton. For 
deuterium, / = and ^ = 0.857387 p„. The difference in bond energies of 
para versus onho hydrogen is 0.339 kcal/mole or 0.015 eV. The thermal 
5 energy of an ideal gas at room temperature given by 3/2*T is 0.038 cV 
where k is the Bollzmann constant and T is the absolute temperature. 
Thus, at room temperature, orbital-nuclear coupling is inconsequential. 
However, the orbital-nuclear coupling force is a function of the inverse 
electron-nuclear distance to the fourth power and its effect on the total 
1 0 energy of the molecule becomes substantial as the bond length decreases. 
The internuclear distance 2c of dihydrino molecule /i 2 T« = 1 

which is - times that of ordinary hydrogen. The effect of orbital-nuclear 

eoupling interactions on bonding at elevated temperature is observed via 
the relationship of fractional quantum number to the para to orlho ratio of 

1 5 dihydrino molecules. Only para lAn = -\ 2c = ^?^l and //*L = i- 2r = — * I 

l 3 3 j ? [ .r a J 

are observed in the case of dihydrino formed via a hydrogen discharge 
with the catalyst (*/) where the reaction gasses flowed through a 100% 
CuO recombiner and were sampled by an on-line s as chromatograph as 
shown in FIGURE 47. Thus, for p>\ the effect of Orbital-nuclear coupling 

2 0 on bond energy exceeds thermal energy such that the Bollzmann 

distribution rcsulis in only para. 

Hie same effect is predicted for potassium isotopes. For »K. the 
nuclear spin quantum number is 7 = 3/2, and the nuclear magnetic 
momeni is ;/-0.39097, V For "AT. , = 3/2. and ,i = 0.21459 /<„ (Robert C. 
2 5 Weast, CRC Handbook of Chemistry and Physics, 58 Edition, CRC Press. 

West Palm Beach. Florida. (1977), p. E 69). The masses of the potassium 
isotopes are essentially the same; however, the nuclear magnetic moment 
of "K is about twice thai of 4, A\ Thus, in the case that an increased 
binding energy hydrogen species including a hydrino hydride ion forms a 
bond with potassium, ihe "K compound is favored cncrgeiically. Bond 
formation is effected by orbital-nuclear coupling which could be 
substantial and strongly dependent of the bond length which is a function 
of the fractional quantum number of the increased binding energy 
hydrogen species. As a comparison, the magnetic energy to flip the 
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orientation of the proton's magnetic momeni, fi r > from parallel to 
antiparallel to the direction of the magnetic flux B, due to electron spin 
and the mngnetic flux B„ due to the orbital angular momentum of the 

electron where the radius of the hydrino atom is is shown in 96 Mills 

;? 

5 GUT (Mills, R., liLC^j^dJMfjgd Theory of Clas sic al Quantum M echan|cs T 
September 1996 Edition, provided by BlackLighl Power, inc., Great Valley 
Corporate Center, 41 Great Valley Parkway. Malvern, PA 19355, pp. 100- 
101). The total energy of the transition from parallel to antiparallel 
alignment, A£*'*°' N , is given as 

10 




(72) 



C?3) 



where r t4 corresponds to parallel alignment of the magnetic moments of 

1 5 the election and proton, #■,. corresponds to antiparallel alignment of the 

magnetic moments of the electron and proton, o H is the Bohr radius of the 
hydrogen atom, and « is the Bohr radius. In increasing from a fractional 
quantum number of n = 1, t = 0 lo ji = 5. f = 4. the energy increases by a 
factor of over 2500. As a comparison, the minimum electron-nuclear 

20 distance in the ordinary hydrogen molecule is ^1 -~ j« 0 = 0.29 With 

/j = 3;f = 2 to give a comparable electron-nuclear distance and with two 
electrons and two protons Eqs. (72) and (73) provide an estimate of the 
orbiial nucfear coupling energy of ordinary molecular hydrogen of about 
0.0 1 eV which is consistent with the observed value. Thus, in the case of a 

2 5 potassium compound containing at least one increased binding energy 

hydrogen species with a sufficiently short internuclear distance, the 
differential in bond energy exceeds thermal energies, and compound 
becomes enriched in the n K isotope. In the case of hydrino hydride 
compounds KH n , the selectivity of hydrino atoms and hydride ions to form 

3 0 bonds with *K based on a differential in bond energy provides the 

explanation of the experimental observation of the presence of *KH; in the 
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absence of "KH; in the TOFSIMS spectra given in FIGURES 61 A nnd 61 B. 

The hydrino hydride compounds (mie) Assigned as parent peaks or 
the corresponding fragments (m / <r) of the positive Time Of Righi 
Secondary Ion Mass Spectroscopy (TOI-S1MS) of sample #1 taken in the 
static mode appear in TABLE 13. 

TABLE 13. The hydrino hydride compounds (m!c) assigned as parent 
peaks or the corresponding fragments (mfe) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample fll taken in the 



Static mode. 



Hydrino Hydride 
Compound 
or fragment 


Nominal 
Mass 
mi e 

■ 


Observed 
r« / r 


Calculated 
m / c 


Ditterence 
Between 
Observed 
and Calculated 
tn 1 e 




4 1 


40.98 


■ — 

40.97936 


0.0006 


Ni 


r>o 


57.93 


57.9353 


0.005 


Niil 


59 


58 94 


58. 943125 


0.003 


NiH 4 


62 


61 .96 


61.9666 


0.007 


K 7 H X 


B 1 


80.95 


80.950895 


0.001 


KNO. 


B5 


84.955 


04.9566 


0.002 


KHKONy 


97 


96.94 


96.945805 


0.005 


K y H y 


\ 20 


t 19.91 


1 19.914605 


0.005 




121 


120.92 


120.92243 


0.002 


K,OH< 


137 


136.92 


136.91734 


0.003 


K&H 


150 


149.89 


149.8888 


0.001 


K } OM : 


151 


150.90 


150.8966 


0.003 


K k C\0 

* 


1 57 


156.88 


156.88604 


0.006 


K 4 H X 


159 


158.87 


156.0783 


0.008 


k{ kh khco, } 


163 


163.89 


162.8966 


0.007 


Silanes/SUoxanes 












165 


164.95 


164.949985 


0 


Si s H u O 


167 


166.97 


166.965635 


0.004 




209 


209.05 


209.052 


0.002 


Si>H„0 


21 1 


211.07 


21 1.06776 


0.002 
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221 

225 


221.0166 


221.015725 


0.0000875 




225.05 


225 047025 


0 003 




249 


249.0520 


249.063 


0.010 



a Interference of *KH; from "K was eliminated by comparing the 4l Kf )9 K 

1 2 x to* 

ratio with the natural abundance ralio (obs. *- -• = 23%, nnt. ab. ratio 

v 4.7XIO* 

= = 7.4%). 

93.1 



:oh 



5 The positive ion spectrum was dominated by K\ and Na* was also 

present. Other peaks containing potassium included KC\ K a O % \ K % OH\ 

KCO\ and a series of peaks with an interval of 138 corresponding to 
tfj/TXC)^ mlc = (39+ 138/j). The metals indicated were in trace amounts. 
The peak NaSi^Hy, (m / e = 249) given in TABLE 13 can give rise to the 
10 fragments NaSiH % (m I e = 57) and Si b ll u (m/e= \92). These fragments and 

similar compounds are shown in the Identification of Hydrino Hydride 
Compounds by Mass Spectroscopy Section. 

NaSi.H^ (m / 1 ^ 249) -> NaSitf t (m / e = 57) + Si b U u (/» / * ^ 192 ) (74) 

A general structure for the Si±H tl O (»i / <r - 167) peak of TABLE 13 is 

H H 

J* 

H H 

—IK 

15 H M 

The observation by TOFSIMS of KN0 } is further confirmed by the 
presence of nitrate and nitrite nitrogen in the XPS. (The corresponding 
samples arc XPS sample tl6 and XPS sample «7 summarized in TABLE 17.) 
Nitrate and nitrite fragments were also observed in the negative TOFSIMS 
2 0 of sample #1. No nitrogen was observed in the XPS of crystals from an 
identical cell operated at Idaho National Engineering Laboratory for 6 
months wherein NaXO :% replaced K : CO,. 

The hydrino hydride compounds [ml v.) assigned as parent peaks or 
the corresponding fragments (m/r) of the negative Time Of Flighl 
2 5 Secondary Ion Mass Spectroscopy (TOFSIMS) of sample ti\ taken in the 
static mode appear in TABLE 14. 



Sr 
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TABLE 14. The bydrino hydride compounds (mU) assigned as parent 
peaks or ihe corresponding fragments (mfe) of ihe negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFS1MS) of sample II] taken in the 
static mode. 



If 111 »lv 1 IJfWHUV 


» 1 1 U lul 


VyUift; 1 Veil 


\ -jff-l 1 1 " 1 1 nil 


uhiCi encc 


CoiT>oound 




m 1 e 


tn / c 




of Fraoment 


mfe 






ml e 


Noll 


24 


23.99 


23.997625 


0.008 


Nail, 


25 


25.01 


25 00545 


0 004 


NaHy 


26 


26.015 


26 013275 


0 00? 


Kli 


40 


39.97 


39 97 1535 


0.001 5 


KIL 


4 1 


40.90 


40 97936 


0 0006 


KH S 


42 


41.99 


4 1 987 185 


0.0028 


KH. 


45 


45.0 1 


45.01066 


0,0007 


NO, 


46 


45.9938 


45.99289 


0.0009 


NaJL 


48 


48.00 


47.99525 


0.005 




62 


61.98 


61 9878 


0.008 


NoHNaOH 


64 


63.99 


63.99016 


0 


KNOy 


85 


84.955 


04.9566 


0.002 


KH> KOII 


99 


98.95 


98.961455 


0.01 1 


KNO x 


101 


100.95 


100.95151 


0.0015 


Silanes/Sil oxancs 










Si 


28 


27.97 


27.97693 


0.007 


Sill 


29 


28-98 


28.984755 


0.005 


KSiH t 


7 1 


70.97 


70.97194 


0.002 


KSiH s 


72 


71.975 


71.979765 


0.005 


KSill, 


73 


72 99 


72.98759 


0.002 




205 


205 03 


205.0208 


0.009 



The negative ion spectrum was dominated by ihe oxygen peak. 
Other significant peaks were OH~ , HCO;. and CO;. The chloride peaks 

were also present with very small peaks of the other halogens. According 
to the results presented by Charles Evans of the negative spectra of both 
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sample Ml and sample ff3 (See TABLE 14 and TABLE 16), "The peak ai 
205m/z remains unassigned." The wi/c = 20S peak is herein assigned to 
Si^H^O (m I € AHfVttt = 205.03; m I c lhrmrnkml = 205.0208) which is the mfe~22\ peak 

observed in the positive spcclrum minus oxygen, 

SWA (™ / e = 22 1) - 0{m / e = 16) -> SiJI n O(m I e = 205} (75) 
The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (mte) of the positive lime Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «3 taken in the 
static mode appear in TABLE 15. 

TABLE 15. The hydrino hydride compounds {mle) assigned as parent 
peaks or the corresponding fragments (mle) of the positive Time Of Right 
Secondary Ion Mass Spectroscopy (TOFS1MS) of sample A3 taken in the 
static mode. 



Hydrino HydrkJe 
Compound 
ot F/aomen! 


Nominal 
Mass 
m 1 e 


Obsen/cd 
ml e 


Calculated 
in / r 


Ditteicnce 
Between 
Observed 
and Calculated 
in f t 


AW 


58 


57.93 


57 9353 


0.005 


NiH 


59 


58.94 


58.943125 


0.003 


Cm 


63 


62.93 


62.9293 


0 001 


Zh 


64 


63.93 


63.9291 


0.001 


Znli 


65 


64.94 


64.936925 


0.003 


Zn//, 


6 7 


66.95 


66.952575 


0 003 


KCO 


67 


66.9615 


66.95862 


0.002 


KHKOH+ 


97 


96 94 


96.945805 


0.005 


K^Hfi 


t37 


136.93 


136.91734 


0.013 


KJICO % 

• ♦ 


139 


138.93 


138.919975 


0.010 


KX)M 

• * 


1 50 


149:89 


149.8888 


0.001 


K y CO, 


161 


160.8893 


160.881 


0.008 


(/CM38»]* » = 1 
K\K,CO y ] 


1 77 


176.8792 


176.87586 


0.003 
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189 


188.87 


188.87586 


0 006 


K>C } 0, 


205 


204.8822 


204.87077 


0.011 


K s CO> 


209 


208.87 


208.86560 


0.004 


K s CO, 


271 


270.8107 


270.7902 


0.012 


K„C(\ 


287 


286.80 


286.7931 


0.007 


[K'\Mn\ n = 2 
K\K,CO } l 


315 


314.7879 


314.7800 


0.0001 



I 0 



1 5 



20 



The positive ion spectrum of sample ff3 was similar to the positive 
ion spectrum of sample #\. The spectrum was dominated by K\ and Nn' 
was also present. Other peaks containing potassium included KC\ K,O v \ 

K t OH\ KCO\ and K } \ Common fragments lost were 0(^/^^12.0000). 
O (i/r / c — 15.99491), CO (m/ e — 27.99491), and C0 7 (m / r = 43.98982). The metals 
indicated were in trace amounts. The KfiH* $ K x O* iaiio was higher in the 

spectrum of sample #h while the Na' / K* ratio was higher the spectrum of 
sample H3. The specirum of sample «3 also contained K,NO : ' and K.NOC 

while the spectrum of sample #1 contained KNO y \ The series of peaks 
with an interval of 138 were also observed at 39. 177. and 315 {(/T 138»)'), 
but their intensities were lower in sample tf3. The | /C* I38if J" scries of 

fragment peaks is assigned to hydrino hydride bridged potassium 
bicarbonate compounds having a general formula such as 
\K}iCO y H~(\ip)K 4 ] n = 1,2,3,4,.. and potassium carbonate compounds having 

a general formula such as X[K 7 C0 3 j* H~ (\fp) n = 1,2,3,4,... General structural 
formulas are 



HCO3 



\ 



V / 

H'(Wp) 



n 



and 



— K*— H*(Wp)- 



- K 2 — C0 3 ^- K*-\- H (1 / p) 

n 
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Positive ion peaks comprising K* bound to mutfimers of potassium 
carbonate were also formed in vacuum with 6V bombardment of the 
reference KHCO y> sample #2. However, the data support the identification 
of stable compounds comprising potassium carbonate multimcrs formed 
by bonding with hydrino hydride ions. TOFS1MS sample #3 was prepared 
from TOFSIMS sample ti\ by acidifying it with HNO y to pH = 2 and boiling it 
to dryness. Ordinarily no KjCO s would be prescnt-the sample would be 
100% KNO y The TOFSIMS spectrum of sample tfl was thai of a 
combination of the spectrum of sample #1 as well as the spectrum of the 
fragments of the compound formed by the displacement of carbonate by 
nitrate. A general structural formula for the reaction is 



H (1/p) 



no; 



n 



— K* — H (1 / p)- - K* — NQ 3 - 



n Oi 



K* 



NO, 



H(Wp| 



K 



(76) 



The observation by TOFSIMS of hydrino hydride bridged potassium 
carbonate compounds having the general formulae 

H~ (I lp)n = 1,2.3,4... is further confirmed by the presence of 

carbonate carbon (C 1> h 289.5 eV) in the XPS of crystals isolated from a 
K 7 CO y electrolytic cell wherein the samples were acidified with HXO y (The 
XPS results of interest are XPS sample ti5 (TOFSIMS sample «6) and XPS 
sample #10 (TOFSIMS sample 33) summarized in TABLE 17.) Durine 
acidification of the K 7 C0 3 electrolyte to prepare sample #6, the pH 

repetitively increased from 3 to 9 at which lime additional acid was added 
with carbon dioxide release. A reaction consistent with this observation is 
the displacement reaction of NO> for CO, 2 ' as given by Eq. (76). The novel 
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nonreactive potassium carbonate compound observed by TOFS1MS without 
idcniifying assignment to conventional chemistry corresponds and 
identifies hydrino hydride compounds, according to the present invention. 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (m/r) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample 83 taken in the 
sialic mode appear in TABLE 16. 

TABLE 16. The hydrino hydride compounds (m/t) assigned as parent 
peaks or the corresponding fragments (mit) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample 1/3 taken in the 
static mode. 



Wyctrjno Hydride 


Nominal 


Observed 


Calculated ! 


Ddference 


CornpouixJ 


Mass 


m / e 


ml e 


Between 


or Fragment 


m / c 






Observed 

and Calculated 
nt / v 


Nali 


24 


23.99 


23.997625 


0.008 


NaH, 


25 


25.01 


25.00545 


0 004 


Nail, 


26 


26.015 


26.013275 


0.002 


KH 


40 


39 97 


39.971535 


0.00 15 


K}L 


4 1 


40.98 


40.97936 


0.0006 


KH X 

it 


42 


41.99 


41.907185 


0.0028 


HC<K 


45 


45.00 


44.997645 


0.007 




4B 


48.00 


47.99525 


0.005 




S2 


52.00 


52.00130 


0.001 


Mg 7 H s 


53 


53 01 


53.009205 


0.0008 


NaHNaOH 


64 


63.99 


63.99016 


0 


KJi, 


80 


79.942 


79.94307 


0.001 


KH 4 KOH 


99 


98.96 


98.961455 


0.001 


Sila nes/Siloxanes 












96 


96.02 


96.02469 


0.0047 




97 


97.03 


97.032515 


0.0025 




121 


121.03 


121.03014 


0.O001 


Si 4 H n O 


1 43 


143.025 


143.0200 


o.oos 
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SkH 7l O 



205 



205 03 



205.0200 



0.009 



The negative ion spectrum was dominated by the oxygen peaks as 
was the case for the negative spectrum of sample fll. However, instead of 
the halogen peaks, the N0 7 and NO' y peaks were observed in the spectrum 

5 of sample #3. Furthermore, other peaks which were much more intense in 
the spectra of sample #3 were KN x O : ' {KNO; , KNO~ 9 KN 7 0; , KN 7 O s \ and 

Silanc peaks were also observed. The NaSi y H„ (mfe = 121) peak given 
in TABLE 16 can give rise to the fragments NaSiH h (mJ e- 57) and 
!0 SiJI t {mfe-(A). These fragments and similar compounds are shown in the 
Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. 

NaSi y H^ (m U^\2\)-> NaSiH h (m I e = 57) ♦ Si, //, (/« / 1 = 64) (77) 
Mass spectroscopy and TOFSIMS arc complementary. The formci 

1 5 method as implemented herein detects the volatile hydrino hydride 

compounds. TOFSIMS operates in an ultrahigh vacuum whereby the 
volatile compounds are pumped away T but the nonvolatile compounds arc 
detected. The TOFSIMS of sample 83 corresponds 10 the mass spectrum of 
electrolytic cell sample AS and electrolytic cell sample tf6. The mass 

2 0 spectrum (mfe -0-110) of the vapors from the yellow- white crystals that 

formed on the outer edge of a crystallization dish from the acidified 
electrolyte of the K ? CO, Thermacore Electrolytic Cell (electrolytic cell 

sample H5) with a sample heater temperature of 220 °C is shown in 
FIGURE 26A and with a sample heater temperature of 275 W C is shown in 

2 5 FIGURE 26B. The mass spectrum (my ^ = 0-110) of the vapors from 

electrolytic cell sample #6 with a sample heater temperature of 212 °C is 
shown in FIGURE 26C. The parent peak assignments of major component 
hydrino hydride compounds followed by the corresponding mfe of the 
fragment peaks appear in TABLE 4. The mass spectrum (in ie - 0 - 200) of 

3 0 the vapors from electrolytic cell sample H6 with a sample heater 

temperature of 147 °C with the assignments of major component hydrino 
hydride silane compounds and silane fragment peaks is shown in FIGURE 
26D. Silanc hydrino hydride compounds were also observed and 
confirmed by TOFSIMS as shown in TABLES 15 and 16. 
35 The confirmation can be further extended by varying the ionization 
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potential of the mass spectrometer. For example, the TOFSIMS identifies 
the hydrino hydride compound KH y (m /e - 42) as shown in TABLES 14 and 

16. A (m/c = 44) peak assigned to KH i that gives lise to A7/, (m I e - 42) by 

increasing the ionization energy is observed for the mass spectrum 
(m/e = 0-200) of the vapors from the crystals prepared from cap of a gas 
cell hydrino hydride reactor comprising a Kl catalyst, stainless steel 
filament leads, and a W filament with a sample heater temperature of 157 
°C. (The sample was prepared as described in under Gas Ccli Samples of 
the Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section.) The mass spectra with varying ionization potential (!P=30 cV, 
JP=70 eV, JP=150 cV) appear in FIGURE 62. The silane Si,H 4 is assigned to 
the m/e = 64 peak and the silane Si A H„ is assigned to the m/e=I28 peak. 
The sodium hydrino hydride rVa 2 /7 2 is assigned to the peak. A 

structure is 



/ \ 
l«'0/p) H-(1/p) 

\ / 



The corresponding potassium hydrino hydride compound K t H t is observed 
by TOFSIMS as given in TABLE 16 and by mass spectroscopy as shown in 
FIGURES 30A. 30B. 25C. 25D, 26D, 34B. and 34C. A structure is 



M(1/p) H-(Up) 
\ / 



All of the peaks shown in FIGURE 62 corresponding to hydrino hydride 
compounds increased with ionization potential. As the ionization energy 
was increased from 70 eV to 150 eV the (m/<f = 44) peak increased in 
intensity, and a large mfc- 42 peak was observed. Carbon dioxide has a 
(m/r=44) peak, but ii does not have a m/*= 12 peak. The (m/e = «!4) peak 
was assigned to K//>. The ui/e = 42 peak was assigned to KH X produced by 
the following fragmentation reaction of KII y at the higher ionization energy 



WO 99/05735 



PCT/US98/ 14029 



175 



H (1/p) M (t/p)->H {l/p) H (Wp)+/y, 

\ / \ / 



(78) 



The mfc=42 peak which is noi present at IP=70 eV but is present at 
1P= 150 eV and the t>/*-44) peak which is present at 1P=70 cV and 
IP- 150 eV is a signature and identifies KH % and KH y . 

5 Shown in FIGURE 63 is the mass spectrum (™/<r = 0-50) of the vapors 

from the crystals prepared by concentrating 300 cc of the tf 2 C(?, 
electrolyte from the BLP Electrolytic Cell using a rotary evaporator at 50 °C 
until a precipitate just formed (XFS sample ff7; TOFSIMS sample ffS) with a 
sample heater temperature of 100 °C As the ionization energy was 

10 increased from 30 eV to 70 eV, a (mJe~22) peak was observed ihat was 
the same intcnsiiy as an observed (m/c-44) peak. Carbon dioxide gives 
rise to a (»t/<f = 44) peak and a [mi e -22) peak corresponding to doubly 
ionized C0 7 (m/e = 44). However, the (m/*»22) peak of carbon dioxide is 
about 0 52% of the (m/e = 44) peak (Data taken on UTI-100C-02 quadrapole 

15 residual gas analyzer wiih V tt = 70 V\ V tf = ? 15 V. V f0 =-20 V, l t ~2.S mA. and 
resolution potentiometer = 5.00 by Uthe Technology inc., 325 N. Mathida 
Ave.. Sunnyvale, CA 94086.). Thus, the (m/r = 22) peak is not carbon 
dioxide. The (/»/<> = 44) peak was assigned to The (m/c = 22) peak was 

assigned to doubly ionized KH> produced by the following fragmentation 

2 0 reaction of KH t at the higher ionization energy 



/ K \ 

H (l/p) H |l/p) 

\ / 



H(t/p) H(1/p) 

\ / 



2* 



2e" 



(79) 



25 



In the case thai the hydrino hydride compound comprises two or more 
hydrino hydride ions H'{\f p) wiih low quantum number p> an exceptional 

branching ratio is possible whereby the doubly ionized ion peak is of 
similar magnitude as the singly ionized ion peak. This is due to the 
relatively low binding energy of the second electron that is ionized. The 
daia indicates that in the case that the hydrino hydride compound Kil> 
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fragment to KH, as given by Eq. (78)» KH % comprises iwo hydrino hydride 
ions ir{\f p) with high quantum number p. The ionization energies are 
high as given in TABLE 1; thus* fragmentation is favored over double 
ionization- The mle = <\7 peak which is not present at IP=70 eV but is 
5 present at IP=150 eV and the (mfe = 44) peak which is present at JP=70 eV 
and !P= 150 eV as well as the exceptional intensity of the doubly ionized 
{mie-^M) peak is a signature and identifies hydrino hydride compound 
KH^ of the present invention. 



lK[)tp) serves as a signature for the presence of dihydrino molecules and 
molecular ions including those formed by fragmentation of increased 
binding energy hydrogen compounds in a mass spectrometer. As 
15 demonstrated by the correlation of peaks and signatures, TOFSIMS and MS 
taken together provide redoubtable support of the assignments given 
herein. 

TOFSIMS has the ability to further confirm the structure by 
providing a unique signature for metastable ions. In the case of the each 
2 0 positive spectra and each reference spectra, broad features arc observed 
in the mass region m J e ~ 23 -24 and in the mass region m / «r = 39- 41 . These 
features are indicative of the formation of metastable ions from neutrals 
which contain and fragment to Na' and K\ respectively The intensities of 
the metastable ion peaks vary significantly between the hydrino hydride 

2 5 ion containing samples and the reference samples. The results indicate 

that hydrino hydride compounds form different neutrals than the neutrals 
formed during TOFSIMS in the reference case. 

In addition to showing the hydrino hydride ion peaks. XPS also 
confirms the TOFSIMS data. For example, the TOFSIMS sample #1 also 

3 0 corresponds to the XPS sample 86. The hydrino hydride ion peaks 

/■/'{«= Up) for to are identified in FIGURE 21. The survey 

spectrum shown in FIGURE 20 shows that two forms of carbon arc present 
due to the presence of two C \s peaks. The peaks are assigned to ordinary 
potassium carbonate and polymeric hydrino-hydride-bridged potassium 
3 5 carbonate. 



As the ionization energy was increased from 30 eV to 70 eV a 
10 m/e = 4 peak was observed. The reaction follows from Eq. (32). 




(80) 
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TOFS1MS sample #3 is similar to XPS sample #5. The survey 
spectrum shown in FIGURE 18 shows that (wo forms of nitrogen are 
present doe to ihe presence of two N Is peaks as well as the presence of 
two forms of carbon due to the presence of iwo C \s peaks. The nitrogen 

5 peaks arc assigned to ordinary potassium nitrate and polymeric hydrino- 
hydride-bridged potassium nitrate. The carbon peaks arc assigned to 
ordinary potassium carbonate and polymeric hydrino hydride-bridged 
potassium carbonate. 

XPS was performed to confirm the TOFS1MS data. The splitting of 

I 0 the principle or Auger peaks of the survey spectrum of XPS samples #4 - 
til; ft 10 - 813 indicative of two forms of bonding involving the atom of 
each split peak are shown in TABLE 17. The selected survey spectra with 
the corresponding FIGURES of the 0-70 eV region high resolution spectra 
(ff/JJ) arc given. The 0-70 eV region high resolution spectra contain 

1 5 hydrino hydride ion peaks. And, several of the shifts of the peaks of 

elements which comprise hydrino hydride compounds given in TABLE 17 
and shown in the survey spectra arc greater than those of known 
compounds. For example, the XPS spectrum of XPS sample fl7 which 
appears in FIGURE 64 shows exiraordinary potassium, sodium, and oxygen 

2 0 peak shifts. The results shown in FIGURE 64 are not due to uniform or 

differential charging. The oxygen KLL Auger peaks superimpose those of 
the XPS survey spectrum of XPS sample f/6, and the number of lines, their 
relative intensities and the peak shifts varies. The spectrum is not a 
superposition of repeated survey spectra that arc identical except that 

2 5 they arc shifted and scaled by a constant factor; thus, uniform charging is 

ruled out. Differential charging is eliminated because the carbon and 
oxygen peaks have a normal peak shape. The range of binding energies 
from the literature (C. D. Wagner, W. M Riggs, L. E. Davis. J. F. Moulder, G. E. 
Muhlenberg (Editor). Handbook of X-r av Photoelectron S pectroscopy . 

3 0 Pci kin- Elmer Corp., Eden Prairie, Minnesota. (I9°7).} (minimum to 

maximum, min-rnax) for the peaks of interest arc given in the final row of 
TABLE 17. The peaks shifted to an extent that they are without 
identifying assignment correspond to and identify compounds containing 
hydrino hydride ion, according to the present invention. For example, the 
3 5 positive and negaiive TOFSIMS spectra (TOFSIMS sample 88) given in 

TABLES 22 and 23 showed large peaks which were identified as KHKOH 
and KHKOH 2 . The extraordinary shifts of the K 3/>, Kls, K2p» K2p n and 
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K7s XPS peaks and ihe O \s XPS peak shown in FIGURE 64 are assigned to 
these compounds. The TOFSIMS and XPS results support the assignment of 
bridged or linear potassium hydrino hydride and potassium hydrino 
hydroxide compounds. As a further example, the Na tfLj,^ peak was 

significantly shifted to both higher and lower binding energies consistent 
with bonding involving election donating and electron withdrawing groups 
such as NaSiH^ and Wo,/-/,, respectively. These compounds arc given herein 

by TOFSIMS. TOFSIMS am! XPS taken together provide redoubtable 
support of hydrino hydride compounds as assigned herein. 
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TABLE 17. The binding energies of XPS peaks of hydrino hydride 
compounds. 



XPS 


FIG 




N\s 


on 


Na 


Na Is 




K3s 1 


K7p, 


Kip, 


K 2s 


s 




(eV) 

* * 


(eV) 

* 


(eV) 

1 


(eV) 


(eV) 


(eV) l 


(oV) 


(eV) 


(OV) 


(eV) J 


4 J 


16 


284.2 


403.2 I 


532.1 I 


496.2 


1070 9 














1 7 


285 7 
288 7 


4 07 0 1 


53 r > 7 1 
563.81 


501 4 1 
523.1 j 


107 7 5 












5 ] 


18 

19 


204 2 


402 5 
406.5 


532 2 J 
540.6 


496.2 j 


1070.4 


16.6 


32 5 J 


292.1 


295.0 


37$ 9 


6 




284.2 


-390 


530.7 1 


496 5 j 


1070.0 


16 0 j 


32 0 j 


291.8 


294.6 


376.6 j 




2 1 


208.8 


vc ly 

broad 




503 8 I 


1076.5 






300.5 


303.2 




1 7 


1)0 






i rk a 




UK U ■'1 


1 A 0 
lb i 


Je. 1 [ 


oq i n 1 


c if** . / 


*17C C I 
J / o . o ■ 




1 22 


288.5 




537.5 
54 7 8 


503 2 
St2 2 


107 6 3 


217 


37.9 


299.5 


309.4 


383 6 1 






284 2 
200.1 


398.9 
402.0 
406.7 


531.8 


496 9 
501 7 


1070.9 


16 7 


32.5 


[292.3 


295.1 


376.9 1 
305.4 1 
broad I 


r 




284.3 




j 530.3 


485.0 
493.5 


j 107 2 9 
b;oad 


16 9 


32 8 


292.5 


295.3 


377.2 


10 




284.3 


397.2 


J 532.3 


J485.4 


j 10/0.1 


16 6 


32.7 


292.5 


295.3 


377.2 






287.9 


399.3 
402.8 
407.1 
413.5 
416.8 


I 54 1.1 
1 545.1 
I 547 8 


495.9 


j 1077 8 






1290.9 


j 302.2 


1 


> i 




284 2 
285.9 


399.5 
406.5 


530.7 


474 8 
498.0 


1072.5 


16.6 


32.5 


292.3 


295.2 


377.1 


Mio 




280.5 


398 


529 




1070 4 






292 






j Ma 


d 


293 


407.5 


j 535 




t072.8 






I 293.2 







The 675 eV lo 765 eV binding energy region of an X-ray 
Phoioclectron Spectrum (XPS) of ihe cryopumped crystals isolated from 
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ihc 10 °C cap of a gas cell hydrino hydride reactor comprising a Kl 
catalyst, stainless steel filament leads, and a VV filament (XPS sample 
013) with r*2p, and Fe 2p t peaks identified are shown in FIGURE 65. 'Ihe 
Fc2 Pi and Ft 2 P) peaks of XPS sample fll3 are shifted 20 eV; whereas, the 
5 maximum known is I4*V. The presence of iron hydrino hydiide was 
confirmed by Mossbauer spectroscopy run at Northeastern University at 
liquid nitrogen temperature. The major signals of the spectrum was 
consistent with the quadrapole doublet of high-spin-iron (11!) assigned to 
Fefi^ In addition, a second compound was observed in the Mossbauer 
|0 spectrum which produced hyperfine splitting at 40.8mm/scc, 

+ 0.49 mm /sec, -0.35 mm /sec, and -0.7&mm/scc which was assigned to iron 

hydrino hydride. 

As a further example of extreme shifts of transition metal XPS 
peaks, the N\7p, and N\7 Pt peaks of XPS sample 115 comprised two sets of 
5 5 peaks. The binding energies of the first set was M 2^ = 855.8 cV and 

M2p,= 862.3 eV corresponding to NiO and Ni(OH) y The binding energies 
of the second extraordinary set peaks of comparable intensity was 
M2ft- 873.4 eV and M 2/>, --- 880.8 eV . The maximum shifi given is 

861 eV corresponding l0 K,NiF t . The corresponding metal hydrino hydride 
2 0 peaks (M//„ where M is a metal and H is an increased binding energy 

hydrogen species) observed by TOFSIMS (TOFS1MS sample 06) are given 
in TABLE 20. 

As an example of extreme shifts of halidc XPS peaks, ihe / 3r/> and 
/ 3d, peaks of XPS sample Nil comprised iwo sets of peaks. The binding 
2 5 energies of the first set was / 3</, = 618.9 <rV and / 3<f, = 630.6 eV 

corresponding to Kl. The binding energies of the second extraordinary 
set peaks was / 3rf 5 -= 644.8 eV and /3rf>« 655.4 eV. The maximum / 3</> shift 
given is 624.2 *V corresponding to KIO M . A general structure for an alkali 
metal-halidc hydrino hydride compound is 

/ K \ % 

r h (i/p) 

\ / 

The novel shifted XPS peaks without identifying assignment correspond 
to and identify hydrino hydride ion-containing compounds according to 

the present invention. 

X-ray diffraction (XRD) was also performed on TOFS1MS sample #3. 



30 
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The corresponding XRD sample was sample OA. Peaks without 
identifying assignment were observed as given in TABLE 12. 

Fourier transform infrared spectroscopy (FTIR) was performed. 
TOFS1MS sample #1 corresponds to FTIR sample #|. Peaks assigned to 
5 hydrino hydride compounds were observed at 3294, 3077.2883,2505,2450, 
1660, 1500, 1456. 1423, 1300, M54, 1023.846, 761, and 669 cm"'. TOPS IMS 
sample tf3 corresponds to FTIR sample M. Peaks assigned to hydrino 
hydride compounds were observed at 2362 cm* 1 and 2336 cm' 1 . 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
10 the corresponding fragments (m/e) of the positive Time Of Flight 

Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #5 taken in the 
static mode appear in TABLE 18. 

TABLE 18. The hydrino hydride compounds (m/*) assigned as parent 
15 peaks or the corresponding fragments {mU) of the positive Time Of 

Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample 05 taken in 
the static mode. 



Hydrino Hydikte 
Compound 

oi Fiagment 


Nominal 

Mass 

mte 


Observed 
m I c 


Calculated 


Difference 

Between 

Observed 

and Calculated 
m / 1* 


Noll 


24 


23.99 


23.997625 


0.008 


Nali 7 


2 5 


25.01 


25.00545 


0.004 


NaH y 


26 


26.015 


26,013275 


0.002 


Noli. 


27 


27.02 


27,021 1 


0.001 


Ai 


27 


26.90 


26.98153 


0.001 


Alii 


28 


27.90 


27.989355 


0.009 


AIH : 


29 


29.00 


28.99718 


0.003 


NaH s 


28 


28.03 


28.028925 


0.001 


NO, 


46 


45.99 


45.99209 


0.003 


NaNO 


53 


52 99 


52.98778 


0.002 


Fc 


5G 


05.93 


55.9349 


0.005 


Feli 


57 


56.94 


56.942725 


0.003 


Feii, 


60 


59.97 


59.9662 


0.004 
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1 — 


61 ,97 


61.97451 


0.004 




*-> 0 


62.98 


62.982335 


0.002 


NaHNaOH 


O 'J 


63.99 


63.99016 


0.0002 


NaH^NoOH 


o 5 


64.99 


64.99785 


0.008 


K t H t 

* * 


8 1 


8Q.95 


80.950895 


0.001 


J ,1 


8 5 


84.96 


84.96431 


0.004 


J /v^o// 


86 


85.97 


85.972135 


0.002 


| NaJOlL 


87 


86.98 


86.97996 


0 


1 //a 0// 


88 


87.90 


87.907785 


0.008 


NojOH 


89 


89.00 


88.99561 


0.004 




90 


89.97 


89.971915 


0.002 


1 o // 


9 1 


90.975 


90.97974 


0.005 


1 m» r> 




101 .97 


101.967045 


0.003 


1 M/»0 /-/ 


! 03 


102.97 


102.97487 


0.005 


1 Mko 

i — — — 




H7.96 


1 17.961955 


0.002 




125 


124.955 


124 956845 


0.002 




I 3 1 


130.95 


130.9572 


0.007 




13? 


1 3 1 .96 


» J 1 . 965025 


0.005 


KH M KHK01U 


MO 


139.94 


139.940815 


0.001 


\ KH y KHKOH y 


t 4 l 


140.94 


140.94864 


0.009 


Na s 0,U 


1 40 


147 95 


147.946645 


0.003 


Na % O x H 


164 


163.94 


163.941595 


0.002 




T65 


164.95 


164 94938 


0.001 




170 


169.94 


169.93701 


0.003 




177 


176.955 


176.95552 


0.0005 




187 


186.93 


186.931355 


0.001 




193 


192.95 


192.95552 


0.006 



md ,f^ e maj ° r PCak$ ° bSerVe<< in <hC P ° Si,ivc ,0n S P™"»" bo«h before 
nnd after spo«enn ? were Na , N<t t (NO r ) '. Nafi'. and NuNO~ The 

TOFSIMS spec.ra for ,V„ <„„, . 22.9898) and *<»/*« 3MM7I) was 

obser^' rC r ! PCC,,VC, r • N ° Cnrb0na,C PrinCip,C P " ks - were 
observed. The roe.als mdicated xvere in .race amounts. 
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The hydrino hydride compounds <m/r) assigned as parent peaks or 
the corresponding fragments (m/c) of the negative Time Of Right 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #5 taken in the 
static mode appear in TABLE 19. 



TABLE 19. The hydrino hydride compounds {mie) assigned as parent 
peaks or the corresponding fragments (m/c) of the negative Time Of 
Flight Secondary Jon Mass Spectroscopy (TOFSIMS) of sample #5 taken in 
the static mode. 



Hydiino Hydiide 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


m t r 


m ft 


Between 


or Fragment 


mie 






Observed 
and Calculated 
m / c 


Nn H 
ivctt 


26 


26.0t5 


26.013275 


0.002 


A7/, 




4 i .99 


41.907 185 


0.0028 


Naji, 


48 


40.00 


47.99525 


0 005 


Ate,//, 


49 


49.00 


49.003075 


0.003 




1 15 


114.91 


1 14.91192 


0.002 


Silancs/Siloxanes 










NaSi 


S 1 


50.97 


50.96673 


0 003 


NflSUI 


52 


51.97 


51 974555 


0.004 




53 


52.975 


52.98238 


0.007 




54 


53.98 


53.990205 


0.010 


NaSiH 4 


55 


55.00 


54.99803 


0.002 


NaSiH t 


57 


57.02 


57.01368 


0.006 




58 


58.02 


58.021505 


0.002 


NttSiH; 


59 


59.02 


59.02933 


0.009 


KSiH, 


71 


70.97 


70.97194 


0.002 


KSiH s 


72 


7 1.975 


71.979765 


0.005 


KSiH b 


73 


72.99 


72.98759 


0.002 




93 


93.00 


93.001215 


0.001 


s; y H n 


toi 


101.06 


101.063815 


0.004 




102 


102.07 


102.07164 


0.001 
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St\H n 0 


1 17 


117. 05 


1 17. 050725 


0.007 


SWA 


133 


133.05 


133.053635 


0.004 


Si 4 Ii ls O 


1 43 


143.02 


143.020005 


0 




2or> 


205.03 


205.0208 


0.009 



The major peaks observed in the negative ion spectrum both before 
and after sputtering were a large nitrite peak, the nitrate peak, the 
halogen peaks, N«,0; , and Na % N y O.'. No carbonate principle peaks or 
fragments were observed. 

The positive and negative TOFS1MS is consistent with the majority 
compound and fragments comprising NaNO^ NnNO } . The compound was 
filtered from an initially 0.57 M K,CO, electrolyte. The solubilily of NaOH 
is 42^/ 100 re (10.5 A*). The solubility of NaNO* is 8 l.5 ,rt "$ / 100 cc (1 1.3 M), 
and the solubilily of NaNO, is 92.) ?rc s 1 100 cc (10.8 A*). Whereas, the 
solubility of K 2 CO y is i \ 2 7yc g I 100 cc (8.1 M). and the solubility of KHCO, is 
22.4—— 100 cc (2.2 A#) (R C. Wcasi. Editor, CRC Handbook of Chem istry 
aod_£bysk*. 58th Edition, CRC Press, (1977), pp.. B-143 and B-I6I.J. 
Thus, NaN0 7 and NaNO y as the precipitate is unexpected. The solubilily 
result supports the assignment of bridged hydrino hydride nitrite and 
nitrate compounds that are less soluble than KHCO y . 

The observation by TOPS I MS that the majority compound and 
fragments contains NnK0 7 > N«NO, is further confirmed by the presence of 
nitrite and nitrate nitrogen in the XPS (XPS sample fl4 summarized in 
TABLE 17). The XPS Na Is peak and the N Is peak as nitrite (403.2 eV) 
greater than nitrate (407.0 eV) confirm the majority species as NaNO y > 
NaNO y . The TOFSIMS and XPS results support the assignment of bridged 
or linear hydrino hydride nitrite and nitrate compounds nnd bridged or 
linear hydrino hydride hydroxide and oxide compounds. General 
structures for the sodium nitrate hydrino hydride compounds arc ojven 
by substitution of sodium for potassium in the structures given for Etj. 
(76). Cencml structures for the hydroxide hydrino hydride compounds 
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OH 



Na* 

\ / 
I I (1/p) 



Na* 



n 



and 



Ma* — H '(l/p) — Na* — OH 



n 



No nitrogen was observed in the XPS of crystals from an identical cell 
operated at Idaho Natrona! Engineering Laboratory for 6 months wherein 
M/jCO, replaced >C ; CO,. The mass spectrum also showed no peaks other 
those of air contamination (electrolytic cell mass spectroscopy sample 
#1). The source of nitrate and nitrite is assigned to a reaction product of 
atmospheric nitrogen oxide wiih hydrino hydride compounds, Hydrino 
hydride compounds were also observed to react with sulfur dioxide from 
the atmosphere. 

Silanes were also observed. The 5/,//,, (m/e » 101) peak given in 
TABLE 19 can be formed by ihe loss of a silicon atom from the peak M i l 
ol Si 4 H n (m If rr |28)^ These fragments and similar compounds are shown in 

the Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. 

Si, H n {in / e = 1 29) -> Si (m i e - 2H) + 5i y H n {m I e = )0 1) ( g j ^ 

The hydrino hydride compounds (wi/r) assigned as parent peaks or 
the corresponding fragments (m I c) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSJMS) of sample #6 taken in the 
static mode appear in TABLE 20. 
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TABLB 20. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (mie) of ihc positive Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFS1MS) of sample 06 taken in 



the static mode. 



Hydrino Hydride 


Nominal 


Observed 


~- , 

Calculated 


Difference 


Compound 


Mass 


mie 


mie 


Between 


or Fragment 


mie 






Observed 
and Calculated 
m/e 


NaH 


24 


23.99 


23.997625 


0.008 


KHj * 


4 1 


40 98 


40.97936 


0.0006 


KOIU 


57 


56.97 


56.97427 


0 004 


Ni 


58 


57.93 


57.9353 


0 005 


NiH 


50 


58.94 


58.943125 


0.003 


NiH % 


62 


G1.96 


61.9666 


0.007 


Cu 


63 


62.93 


62.9293 


0.001 


Cut! 


64 


63.94 


63.93777 


0.002 


CuHj 


65 


63.945 


64.94545 


0.0005 


KCO 


67 


66.9615 


66.95862 


0.002 




94 


93.93 


93.92233 


0.008 


K 7 OH 


95 


94.93 


94.930155 


0.0001 


KHKOH 


96 


95.93 


95 93798 


0.008 


KHKOHy 


97 


96.945 


96.945805 


0.0008 


K 7 0 7 H y 


1 13 


1 12.935 


1 12.940715 


0.006 




1 37 


136.93 


136.91734 


0.013 


K^COy 


139 


138.92 


138.919975 


0 




140 


139.91 


139.91522 


0.005 


K,NOH 7 


149 


148.905 


148.90476 


0.0002 


K y NOli y 


150 


149.9* 


149.912585 


0.002 




161 


160.8893 


160.881 


0.008 




166 


165.90 


165.90706 


0.007 


K,H,C,0, 

• * » ~ 


168 


167.92 


167.92271 


0.002 
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[ A J JflH 1/1—1 ? 


1 


175.8792 1 


17 6.87586 


0.003 
• 


K y CjNOy 1 


187 


186.875 


186.88402 


0.005 


| KJiC 7 N0, 1 


188 


187.885 


187.091845 


0.007 




189 


188.87 


188.87586 


0.006 




195 


194.86 


194.87384 


0.006 




196 


195.89 


195.881665 


0.008 


KJ1,N0 X 


197 


196.90 


196.88949 | 


0.010 


K K H y N0 4 


198 


[197.90 


197,8973 


0.003 


J K^NO^iU 


204 


203 86 


203.86338 


0 003 


\ K,N0 2 H> 


205 


204.87 


204.871205 


0. 001 




220 


219.855 


2 19.85829 


0.003 




227 


226 83 


226.83218 


0 002 


K A N0 A H 


235 


234.84 


234 645375 


0.005 




24 t 


240.90 


240.89054 


0.0005 


K % NOJ1 7 


243 


242.026 


242.82709 


0.001 


K y NOJi 2 


259 


258.62 


258 822 


0.002 


J KyNjCKH. 


273 


272.825 


272 82507 


0 


K 7 H{KN0,) % 


J 28 1 


|280.83 


I 280.830265 


(0.008 



Interference oi * 9 KHl irom "K was eliminated by comparing the "A'/ K 
ratio with Ihe natural abundance ratio {obs. .= -~ _ - 49.4%, naL ab. 



8.5 X I0 e 



6.88 _ 
ratio = - 7.4%). 

93. 1 ' 



5 The positive ion spectrum obtained prior to sputtering was 

dominated by K' . The peaks of KOH\. K % 0[. and K 9 N % 0\ were observed. 

The K/VO; > 140/Ti/; corresponded to \K.O + n KNOj, \K : O z * n KNO,\ , 

|tf + and |/W0 : + n-JW0.j\ The dominant peaks after sputtering 

were /T and K % 0' % . The intensity of ihe nitrate peaks decreased after 

1 0 sputtering. Nickel and nickel hydride peaks were substantial. Copper 
and copper hydrides indicated were in trace amounts. 
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The hydrino hydride compounds assigned as parent peaks or 

the corresponding fragments {mle) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «6 taken in .he 
static mode appear in TABLE 21. 



TABLE 21. The hydrino hydride compounds {mle) assigned as parent 
peaks or the corresponding fragments (mle) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #6 taken in 
ihe sialic mode. 



Hydrino Hydride 
Compound 
or Fragment 


Mass 
ml e 


nheArt/i\/i 

ttt / e 


Calculated 

Fn i c 


— 

Difference 
Between 
Observed 
and Calculated 

tit / *» 




26 


26.015 


26 0 1 327S 




KH 4 


4 3 


43.00 


42.99501 


0.005 


KC 


5 2 


50.96 


50 96371 


0.004 


KO 


55 


54.96 


54.95862 


0.001 


KOH 


56 


55.97 


65.966145 


0.003 


NaHNaOH 


64 


63.99 


63.9901 6 


0 


K(X 


7 1 


70.95 


70.95353 


0.003 




72 


71.96 


71.961355 


0.001 




80 


79.942 


79.94307 


0.001 


KC0 7 


83 


82.96 


82.95353 


0.003 


K 7 C 


90 


89.93 


89.935245 


0.005 


K,CH 


9 1 


90.94 


90.94307 


0.003 


K,OH 


95 


94.93 


94.930155 


0 


KHKOH 


96 


95.93 


95.93798 


0.008 




97 


96.935 


96.945805 


0.C10 


K 7 OH M 


98 


97.95 


97.95363 


0.004 


K 7 OH, 


99 


98.96 


98.961455 


0.001 


KHNO y 


102 


101.95 


101.959335 


0.009 


KH } NO y 


1 03 


102.96 


102.966716 


0.007 


K 7 OJi 

1 — - — — ■ — — L 


1 t 1 


1 10.92 


1 10.925065 


0.005 
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K x OH % 


1 36 


135.9 ! 


135.909510 


0.0005 


Silanes/S iloxanes 












121 


121.03 


121.03014 


o.ooot 



The negative ion spectrum prior to sputtering contained strong 
nitrate peaks {NO; and NO;) and oxygen peaks {0~ and OH ). Other" 
elements included C x K~^ F\ and Cl\ KNO{ and KNO; were also 
5 observed. Several series of peaks in the spectrum corresponded to 

[n-KNO^ KNO x ] .\n-KNO, \ N0 7 \ . and (n KNO, + NO y ] . The spectrum after 
sputtering was dominated by the oxygen peaks and the nitrate peaks. 

F\ and Cf were observed as well as KNO % \ KNO; y KN,0 4 \ and 
KN 3 0^ The intensity of the peaks of [n KNO^NO^]' decreased after 
1 0 sputtering. 

. Hydrino hydride compounds were also observed by XPS and mass 
spectroscopy that confirmed the TOFSIMS results. The XPS spectra shown 
in FIGURE 16 and FIGURE 17 and the mass spectra shown in FIGURES 
25A-25D with the assignments given in TABLE 4 correspond to TOFSIMS 

1 5 sample The XPS spectra shown in FIGURE 18 and FIGURE 19 and the 

mass spectra shown in FIGURE 24 with the assignments given in TABLE 4 
correspond to TOFSIMS sample f*6. 

The positive and negative TOFSIMS is consistent with the majority 
compound and fragments comprising KNO s > KNO } . The observation by 

2 0 TOFSIMS that the majority compound and fragments contains J<NO } > 

KNO, is further confirmed by the presence of nitrite and nitrate nitrogen 
in the XPS (XPS sample #5 summarized in TABLE 17). The K 3/? ( K3s. 
K7p y% K2p t , and K2s XPS peaks and the N U XPS peak as nitrate (406.5 
eV) greater than nitrite (402.5 eV) confirm the majority species as KNO y > 

2 5 KNO } . The TOFSIMS and XPS results support the assignment of brideed or 

linear hydrino hydride nitrite and nitrate compounds and bridged or 
linear hydrino hydride hydroxide and oxide compounds. 

During acidification of the K 2 CO s electrolyte to prepare sample //6, 
the pH repetitively increased from 3 to 9 at which time additional acid 

3 0 was added with carbon dioxide release. The increase in pH (release of 

base by the titration reactant) was dependent on the temperature and 
concentration of the solution. A reaction consistent with this observation 
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.s .he displacement reaction of NO; for CO: as given by Eq. (76) The 
K{K,CO t \ peak indicates lhe stability of (he bridged potassium carbonate 
hydr.no hydride compound which was also present in the case of 
TOFSIMS sample *3. 

The hydrino hydr.de compounds {mi*) assigned as parent peaks or 
lhe corresponding fragments <„/,) of the positive Time Of Rich, 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #8 taken in the 
static mode appear in TABLE 22. 

TABLE 22. The hydrino hydride compounds («/,) assigned as parent 
peaks or the corresponding fragments („,/,) of the posit.ve Time Of 
H.gh. Secondary Ion Mass Spectroscopy (TOFSIMS) of sample »8 taken in 
lhe static mode. 



Hydrino Hydride 

Compound 

or fiagmcn! 


Nomina l 

Mass 

mfe 


Observed 
m / c 


Calculated 


Difference 

Between 

Observed 

and Cnlcutited 
tn / e. 


Noll 


24 


23.99 


23.997625 


o.ooa 


NaH 7 


25 


25.01 


25.00545 


0.004 


NaH % 


.26 


26.01S 


26.013275 


0.002 


Al 


27 


26.90 


26.98153 


0.001 


AM 


28 


27.98 


27.909355 


0.009 


Alii, 


29 


29.00 


28.99718 


0.003 


KH 


4 0 


39.97 


39.971535 


0.0015 


KB, a 


4 1 


40.98 


40.97936 


0.0006 


KOtL 


57 


56.97 


56.97427 


0.004 


KOH y 


58 


57.98 


57.98202 


0.002 


KOU l 


59 


58.90 


58.9898992 


0.010 


Cu 


63 


62.93 


62,9293 


0.001 


Cuff 


64 


63.94 


63.937625 


0.002 


Cuff, 


67 


66.96 


66.96 1 1 


0.001 


KflKOH 


96 


95.93 


95.93798 


0.008 


KHKQIU 


97 


9G.94 


96.945805 


0.006 
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1 4 1 


140.92 


140.923045 


0.003 


v s\ u 


145 


144.93 


144.930535 


0.0005 


A jC ; /l 


1 50 


149.89 


149.8888 


0.001 




151 


150.8965 


150.8966 


0.0001 




15? 


151.90 


151.904425 


0.004 




1 53 


152.905 
— - 


1 52.91225 


0.007 




1 55 


154.90 


154.914885 


0.010 


K y C 2 0 


1 57 


156.88 


1 56.88604 


0.006 




1 59 


158.87 


158.8783 


0.008 




163 


162.89 


162.8966 


0.007 




1 69 


168.86 


1 68.862665 


0.002 




1 73 


172.86 


172.88095 


0.001 


Silanes/Siloxanes 












201 


201 .04 


201.04151 


0.001 


NaSi,hl u O 


203 


2O3.06 


203 05716 


0 003 




205 


205.07 


205.07281 


0.003 


SfJ? ls O 


209 


209.06 


209.052 


0.008 




2 1 t 


21 1.07 


21 1.06776 


0 002 




2 12 


212.07 


212.07559 


0.006 




2 1 3 


213. oa 


21 3 003465 


0.003 


NaSiJl,, 


2 15 


215.05 


21 5.03918 


0.01 1 




217 


217.06 


217.05483 


0.005 


NaS^H n O 


235 


235.07 


235.06539 


0.004 


NaSiJi^O 


237 


237.08 


237.08104 


0.001 




263 


253.08 


253 07595 


0.004 



Interference of ^kh; from U K was eliminated by comparing the "Kf *'K 
ratio with the natural abundance ratio (obs. = 44^^ = 55 8^, nat. ab. 



688 

ratio = = 7.4%). 

93 1 1 
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The positive ion spectrum was dominated by K\ and N« was also 
present. Oihcr peaks containing poiassium included KC\ A\O v \ K % OH\ 
KCO\ K/, and a scries of peaks wilh an inlejrva! of i 38 corresponding lo 
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«</<: = (39 H38«). 

The hydrino hydride compounds assigned as pare, peaks or 

the corresponding fragments <„,,<) of the nega.ive Time Of Flight 
Secondary Ion Mass Spec.roseopy (TOFS)MS) of sample ff8 taken in the 
stauc mode appear in TABLG 23. 

TABLE 23. The hydrino hydride compounds („,/„) 9ss j gncd as 
peaks or the corresponding fragments (,«/,) of the negative Time Of 
Fiighl Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #8 taken in 
ihe sialic mode. 



Hydrino Hydride 
Coiryxxjnd 
Of Fragment 


Nominal 
Moss 
m I e 


Observed 
ml e 


ml c 


uiiieience 
ociwcen 
Obsofvoii 
and Calculated 


Nail 


d 4 


23.99 


23.997625 


0.008 


NaH 7 


25 


25.01 


.25.00545 


0.004 


NaH y 


26 


26.015 


26 013275 


0.002 




4 1 


40.98 


40.97936 


0.0006 


KM i 


42 


41.99 


4 1.907185 


0.0028 


KJi, 


80 


79.942 


79.94307 


0.001 


KHKOH 


96 


95.94 


95.93798 


0.002 


KMKOM t 


9? 


96.94 


96.945805 


0.006 


KN,O y U 


1 16 


1 15.96 


1 15.962405 


0.002 


KN^Oyfij 


1 1 7 


1 16.97 


1 16.97023 


0.0002 


K 7 CUfj 


T t5 


114.91 


1 14.91192 


0.002 




t 16 


\ 15.92 


1 15.919745 


0.000 


K % OH 


■ 34 


' 133.89 


133.693865 


0.004 


K % OH 9 


1 35 


134.90 


134.90169 


0.002 


K,OH, 


136 


135.91 


135.909515 


0.0005 




151 


1 50.89 


150.8966 


0.007 


~ .* 


1 55 


154.92 


154.926115 


0.006 


K,O y M 


1 59 


158.91 


158.909795 


0.00O2 


K&H 


161 


160.93 


160.925445 


0.005 
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Y f~) hi 


1 03 


182.88 


182.68942 


0.009 




1 87 


186.855 


186.0C0645 


0.006 


A. j/VC///j 


1 89 


188.87 


188.876295 


0.006 


a; u 


197 


196.91 


196.9133 


0.003 




211 


210.88 


210.88133 


0.001 


K y CO s H, 


213 


212.90 


212.09698 


0.003 


Sila ncs/Siloxa nes 












201 


— 

201.04 


201 .04151 


0.001 




203 


203.005 


203.005165 


0.0002 




205 


205.03 


205.0208 


0.009 




212 


212.07 


212.07559 


0.006 




213 


213.08 


213.083465 


0.003 




223 


223.04 


223.03137S 


0.009 




223 


222.96 


222.95308 


0.007 


Na$ K H tx 0 9 


224 


223.96 


223.96095 


0.001 




250 


250.08 


250.070885 


0.009 



The negative ion spectrum was dominated by ihe oxygen peak. 
Oilier significant peaks were OH\ HCO;, and CO;. The chloride peaks 

were also present wjih very small peaks of ihe olhcr halogens. 

The peak NaSi s H„0 (m/^201) given in TABLli 23 can give rise lo 
ihe fragments NaSiH^ (m / e = 57) and Si 4 H tt {m/e^ 128). These fragments and 
similar compounds are shown in the Identification of Hydrino Hydride 
Compounds by Mass Spectroscopy Section. 

NaSi,H„0 {mie = 20 1) -> NaSill^ (m f e » 57) + Siji n (m / e - 1 28) * O (m I e = J6) ( 8 2 ) 
The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (m/e) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy <TOFSIMS) of sample «9 taken in the 
sialic mode appear in TABLE 24. 
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TABLE 24. The hydrino hydride compounds <„,/,) assi . nCf , ,« 

, or ,he correspond,, f ragmc „| S ^ r ^" 
Fl.ghl Secondary Ion Mass Spectroscopy fTOr^iM^ r 

«hc sialic mode_ PY (TO!S,MS > of *»nplc U9 lake,, in 

Hydrino Hydride 
Cofirpound 
or Fragment 



Calculated 
w / e 



* ; *• I, | ^ 

- ,» 



W n 0 



40.97936 



16.98742S 
5/ 9353 



6 1,966 6^ 
62.9293 
62.929 F 



ZA-93S24S 
79.94307 




Difference 

Between 

Observed 

and Calculated 
mi c 



0.0006 



0.002 



0.005 



0.007 



0.001 



0.001 



0.004 



60.9508 95^ 
95.93796 



96.9456 05^ 
106.905 09 



0.001 



0.001 



0.008 



0.010 



0.005 



114. 91 192 



1 19.91 4G0S 



t?0. 92243 



166.871935 
208.984425 



0.002 



0.005 



0.002 



32 99375 
0094 
135.93893 

1 36.949 0 

1 49^00707 
150,970 72^ 
i?JL973e65 



0.002 



0.004 



0.004 

0.009 

0 001 

0.009 

0.003 

0.001 

0.004 
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Si,H n 0 7 


22 1 


221.02 


221.015725 


0.004 




224 


223.96 


223.96095 


0.001 




225 


224.97 


224.96073 


0.001 


NaSiH H 0 


235 


235.06 


235.06539 


0.005 


NaSi 7 H„ 


230 


237.98 


237.976985 


0.003 



£J — * — I ^ 

Interference ol »*/,; from "k was eliminated by comparing the "Kf »K 
ratio with Ihe natural abundance ratio (obs. = ~ X l0 [ = 6 6.7%, nal. ab. 



6.88 

ratio = __ = 7.4%). 
93.1 ' 



3.6 X 10' 



10 



The positive ion spectra of TOFSIMS sample # 9 were nearly 
identical to those of TOFSIMS sample » 10 described below except .hat 
the spectra of TOFSIMS sample H 9 had essentially no /V peaks. 

The hydrino hydride compounds (*/«) assigned as parent peaks or 
the corresponding fragments ( m /e) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «9 taken in the 
static mode appear in TABLE 25. 



I 5 



TABLh 25. The hydrino hydride compounds {m/e) assigned as parent 
peaks or the corresponding fragments im/e) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «9 taken in 
the static mode. 



Hydrino Hydride 

CornpouncJ 

or Fragment 


Nominal 
Mass 
ml c 


Observed 
m I e 


Calculated 
ml c 


Difference 

Between 

Observed 

and Calculated 
ml? 




43 


43.00 


42.99501 


0.005 


NaJh 


48 


47.99 


47.99525 


0.005 


NuJi x 


4 9 


49.00 


49.003075 


0.003 


Cu 


63 


62.93 


62.9293 


0.001 


NaliKH 


64 


63.96 


63.96916 


0.009 


ZiiQ 


80 


79 92 


79.92401 


0.004 


K?CIH 7 


1 15 


1 14.91 


114. 91 192 


0.002 
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w 


120 


127.91 


127.908225 


0.002 


NalH 


151 


150.90 


150.890025 


0.002 


KUi 


167 


166.88 


166.871935 


0.008 


**PbH 


209 


208.90 


208.984425 


0.004 



The negative ion spectra of TOFSIMS sample ff 9 were nearly 
identical to those of TOFSIMS sample tl 10 summarized below. 

The hydrino hydride compounds (mlt) assigned as pareni peaks or 

ihc corresponding fragments (m/e) of the positive Time Of Flight 

Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #10 taken in the 

static mode appear in TABLE 26. 

TABLE 26. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (m/e.) of the positive Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample H10 taken 



in the static mode. 



Hydnno Hydride 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


m / v 


m / e 


Between j 


oi Fragment 


m/e 






Observed 
and Calculated 

m/e i 


KH y a 


4 \ 


40.98 


40.97936 


0.0006 


Mi,// 


47 


46.99 


46.987425 


0.002 


Fe 


56 


55.93 


55.9349 


0.005 


FcH 


57 


56.94 


56.942725 


0.003 


Ni 


58 


57.93 


57.9353 


0.005 


NiH x 


62 


61.96 


61.9666 


0.007 


Cu 


63 


62.93 


62.9293 


0.001 


Zn 


64 


62.93 


62.9291 


0.001 


*,// 


79 


78.940 


78.935245 


0.004 




80 


79.942 


79.94307 


0.001 


K 7 li y 


61 


80.95 


80.950895 


0.001 


KH KOH 


96 


95.93 


95.93798 


0.008 


KH KOHy 


97 


96.935 


96.945805 


0.010 




107 


106.90 


106.90509 


0.005 
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KytlH, 


1 1 5 


114.91 


1 14.91 192 


0.002 


IS 11 


120 


119.91 


* 19 914605 


0.005 




12! 


120.92 


120.92243 


0.002 


Km 


167 


168.87 


166.871935 


0.002 


**PbH 


209 


208.98 


208.984425 


0.004 


Siiancs/SiSoxan es 










NaSi 4 H„ 


1 49 


149.01 


149.00707 


0.003 


Si>H n 


15 1 


150.97 


150.970725 


0.001 




199 


198.97 


198.973865 


0.004 




221 


221.02 


221.015725 


0.004 




224 


223.95 


223.9609S 


0.001 




225 


224.97 


224.96873 


0.001 




235 


235. OG 


235 06539 


0.005 


NaSi,H t9 


238 


237.98 


237.976985 


0.003 



a Interference oi ?? A7/; from "K was eliminated by comparing the "Kf "K 

ratio wilh the natural abundance ratio fobs. - i 8XU) =700% nat ab 

4.0X10* " * 



. • 6.88 . „ » 
ratio - = 7.4%). 

93.1 ' 

5 The positive ion mode spectrum acquired prior to sputter denning 

showed the following relatively intense inorganic ions: No\ K\ Fe\ Cn\ 
Zn\ A\\ Ag\ K 2 Cl\ Kf\ KNol\ Pb\ and K\KI)\. Other inorganic elements 
included /J, 8 y and Si. After sputter cleaning Ag* and Pb* were sharply 
reduced which indicated that silver and lead compounds were present 
1 0 only on the surface. In addition to the result ihat sample was 

cryopumped in the cell, this result indicales that the compounds are 
volatile. 

The hydrino hydride compounds (mfe) assigned as parent peaks or 
the corresponding fragments (mfe) of the negative Time Of Right 
15 Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #10 taken in the 
static mode appear in TABLE 27. 
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TABU* 27. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (mlc) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sampje #10 taken 
in the static mode. 



tlydrmo Hydride 


Nominal 


Obsetved 


Calculated 


Difference 


^ompouno 


Mass 


ml c 


ml e 


Between 


Of rrayrneni 


ml e. 


• 




Observed 










and Calculated 










fit t c 




43 


43.00 


42.99501 


0.005 




40 


47.99 


47.99525 


0.005 


NajH x 


49 


49 00 


49.0030/5 


0.003 


Cu 


63 


62.93 


62.9293 


o.ooi 


NaHKIl 


64 


63.96 


63.96916 


0.009 


ZnO 


80 


79.92 


79.92401 


0.004 


, ' , L 


1 15 


114.91 


1 14.91 192 


0.002 


Ml 


128 


127.91 


127.908225 


0.002 


A/a/// 


1 S 1 


150.90 


150.898025 


0.002 


Kin 


167 


166.88 


166.871935 


0.008 


Cum 


1 9 1 


190.8 4 


190.830025 


0.002 


**PbH 


209 


209.98 


208.984425 


0.004 


Silanes/Siloxancs 












239 


239.05 


239.044695 


0.005 



The negative mode ion spectrum acquired prior to sputter cleaning 
showed the following relatively intense inorganic ions: 0\ OH\ F\ Cl\ 

#\ ki\ Pb\ Nai;. cw;. />w;, * e /;, Kt;.. CuKi:, AgKi y% (aw ? + (KI)J. and 

+ . Bromide was also observed at relatively low intensity. After 

sputter cleaning, the spectrum was quite similar except that" the silver 
containing ions were absent. 

The hydrino hydride compounds (,„/,) assigned as parent peaks or 
the corresponding fragments (mle) of the positive Time Of Right 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #11 taken in the 
static mode appear in TABLE 28. 
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TABLE 28. The hydrino hydride compounds (mfe) assigned as parent 
peaks or the corresponding fragments {mfe) of the positive Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #] 1 taken 
5 in the static mode. 



HvcJ r tno H v drido 


Momin aI 


Vl/oUl Veil 




Deference 


Comixxjncl 




www f \ 


rf f / 

HI f c 


Between 


or Fraonrient 


mfe 






vjDSCrveo 
and Calculated 
mfe 




25 


25.00 


25.00545 


0.005 


KH* 


4 1 


40.98 


40.97936 


0.0006 


Na.ll 


4 7 


46.99 


46.987425 


0.003 


"GaOH, 


67 


86.94 


86.93626 


0.004 


K 7 o 7 n 


1 t 1 


1 10.925 


t 10.925065 


0.000 


K,0 7 H 2 


1 12 


1 11.93 


1 1 1 .93289 


0.003 


Ga.Nall, 


t 63 


162.85 


162.85685 


0.007 


Ga t KH 7 


1 79 


178.83 


178.83076 


0.000 


K{KH),K 7 SO> 


277 


276.79 


276.791 


0.001 


K t 0 7 H, 


268 


267.78 


267.70773 


0.008 


K(KH) } K y 0 7 


265) 


268.79 


268.795555 


0.006 


Sil a nes/S iloxanes 












249 


248.93 


248 93277 


0.003 



Interference of "kh; from 4i K was eliminated by comparing the * l Kf *K 

ratio with the natural abundance ratio (obs. = —-—— = 32.5%. nat ab 

4 X !0 6 

,. 6.88 . 

ratio = = 7.4%). 

93. J 1 



The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (mfe) of the negative Time Of Ri°ht 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #11 laken in the 
static mode appear in TABLE 29. 



15 
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TABU: 29. The hydrino hydride compounds (/»/*) assigned as parent 
peaks or ihe coircsponding fragments (mlt) of ihe negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #11 taken 



in ihe static mode. 



Hydrino Hydride 


Nominat 


Observed 


Calculated 


Difference 


Compound 


Mass 


ml e 


m 1 e 


Between 


of Fragment 


ml c 






Observed 

and Calculated 
m / e 


Kll 4 


43 


43.00 


42.99501 


0.005 


KH S 


4 4 


44.00 


44.002835 


0.0028 


KOH 7 


57 


56.98 


56.97427 


0.006 


KJi 7 Nd, 


103 


102.97 


102.966716 


0.003 


• - 


1 06 


105 95 


105.949075 


0.001 


KHJSO, 


1 07 


106.96 


106.9569 


0.003 




1 18 


1 17.90 


1 1 7.898955 


0.001 




1 19 


1 10.91 


1 18 90678 


0.003 




151 


150.89 


150 8966 


0.007 


*M 


1 52 


151 .905 


•51 .904425 


O.001 




1 77 


1 76.91 


176.902605 


0.007 


S H an es/Siloxanes 










KH 9 Si>H n 


1 37 


f 37.00 


137.00405 


0.004 


Si ( H u O 


1 39 


t 38 .99 


138.088705 


0 001 


Si 4 H n O 


141 


14 1.00 


141.004355 


0.004 




153 


152.98 


152.967965 


0.012 


Si 4 H n Q, 


155 


154.99 


154.983615 


0.006 




169 


168.99 


168.981285 


0.009 




171 


171.00 


170.996935 


0.003 




273 


272.94 


272.938285 


0.002 




275 


274.95 


274.953935 


0 004 


Si t H„0> 


289 


288.93 


288 933195 


O.003 


Si t H %9 0, 


291 


290.95 


290 948845 


O.0O1 



The positive and negative spectra were dominated by ions 
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characteristic or potassium sulfate. This was most evident in the high 
mass range where several ions increase by 174 m/z do to K 7 S0 4 . Other 
species observed were Li\ B\ Na\ Si\ Cr. /", P0 7 \ and PO]. The hydrino 
hydride siloxanc series Sj,W )j|471l O m " was observed in the negative spectra. 

XRD (Cu Ka } (X - 1.54039) was also performed on TOFSIMS sample 
#11. The XRD pattern corresponded to identifiable peaks of K 3 50 4 . In 
addition, the spectrum contained unidentified intense peaks at a 2-theta 
values of 17.71, 18.49, 3239, 39.18. 42.18, and 44.29. The novel peaks 
without identifying assignment correspond to and identify hydrino 
hydride compounds, according to the present invention. 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments {mfc) of the positive Time Of Flight 
vSecondary Ion Mass Spectroscopy (TOFSIMS) of sample 812 taken in the 
static mode appear in TABLE 30. 

TABLE 30. The hydrino hydride compounds (mfe) assigned as parent 
peaks or the corresponding fragments [m/e) of the positive Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample fl!2 taken 
in the static mode. 



Hydrino Hydiide 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


m / e 


m / e 


Between 


or Fi agrocnt 


m / e 






Observed 
and Calculated 
ml c 


Noli 


24 


23.99 


23.997625 


0.008 


Nail, 


25 


25.00 


25.00545 


0.005 


KH 


40 


39.97 


39.971535 


0.0015 


KH* 


4 1 


40.98 


40.97936 


0.0006 


Na y H 


4? 


46.98 


46.987425 


0.007 




48 


47.99 


47.99525 


0.005 


Ni 


58 


57.93 


57.9353 


o.oos 


NiH 


59 


58.94 


58.943125 


0.0O3 


NUi A 


62 


61.96 


61.9666 


0.007 


K 7 H 


79 


78.94 


78.935245 


0.004 


K 7 H, 


81 


80.94 


80.950895 


0.011 
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87 


86.97 


8697225 


0 002 


KOJI 


104 


103.9479 


103.951175 


0.003 


KOJi 7 


105 


104.95 


104.959 


0.009 


K&H 


1 1 1 


1 10.925 


1 10.925065 


0.000 




1 2 1 


120.93 


120.92243 


0.008 


{KH) 7 KNO y 


t 8 I 


180.89 


180.09458 


0.005 


(/f//), KNO, 


197 


196.89 


196.88949 


0.001 


Silanes/Siloxanes 










Si t H n O 


207 


207.04 


207.036465 


0.0035 


AfaSf.W,, 


265 


264.94 


264.94609 


0.006 




271 


270.99 


270.99304 


0.003 




281 


280.94 


280.94 1 


0.001 




28 1 


281 .07 


281.07129 


0.001 



a Interference ol "KH; from AX K was eliminated by comparing the * l Kf "K 

0 82 X 10 fr 

ratio with the natural abundance ratio fobs. = - ~- = 71 3% nat ab 

1.15 X 10* ' 



ratio = — - 7.4%). 

5 The posiiive ion spectrum was dominated by K\ and Na* was also 

present. Other peaks containing potassium included K t H r O* % /C,/V t 0.\ and 
KJt» p ?Oz- Sputter cleaning caused a decrease in ihe intensity of 
phosphate peaks while it significantly increased the intensity of KJijO* 
ions and had resulted in a moderate increase in K t N x O! ions. Other 

0 inorganic elements observed included Li f B, and Si. 

The hydrino hydride compounds (m/c) assigned as parent peaks or 
Ihe corresponding fragments (mJe) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (T0FS IMS) of sample #12 taken in the 
static mode appear in TABLE 3K 
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TABLE 31. The hydrino hydride compounds (mle) assigned as parent 
peaks or ihe corresponding fragments (m/e) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #12 taken 
in the static mode. 



Hydrino Mydiide 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


mle 


m/e 


Between 


or Fraomeni 


mle 






Observed 
and Calculated 
mle 


KH A 


43 


43.00 


42.99501 


0.005 


Silanes/Siloxa nes 












155 


154.99 


154.983615 


0.006 




203 


203.00 


j 203.005165 


0.005 



The negative ion spectra showed similar trends as the positive ion 
spectra with phosphates observed to be more intense before sputter 
cleaning. Other ions detected in the negative spectra were CT, and 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (mle) of the positive Time Of Plight 
Secondary Ion Mass Spectroscopy (TOPS IMS) of sample VI 1 3 taken in the 
static mode appear in TABLE 32. 
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TABLE 32. The hydrino hydride compounds (m/e) assigned as parent 
peaks or ihe corresponding fragments {mle) of the positive Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample fU3 taken 
in the static mode. 



Hydrino Hydride 
Compound 
or Fragment 



Nominal 

Mass 

mle 



Observed 
mle 



C afcutated 



Difference 
Between 
Observed 
and Calculated 
m/e 



KH 7 



a 



41 



40.98 



40.97936 



0.0006 



Ai 



27 



26.98 



26.98153 



0.002 



AlU 



28 



27.99 



27.989355 



0.001 



A!H 7 



29 



29.00 



28.99718 



0.003 



AlH, 



30 



30.01 



30.005005 



0.005 



Fe 



Fell 



56 



55.93 



55.9349 



0.005 



57 



56.94 



56.942725 



0.003 



Ni 



58 



57.93 



57.9353 



0.005 



Fel1 y 



58 



57 95 



57.95055 



0.000 



mil 



59 



58.94 



58.943125 



0.003 



Cu 



63 



62 93 



62.9293 



0.001 



CuH 



64 



63.94 



63.93777 



0.002 



CuH, 



65 



64.945 



64.94545 



0.0005 



CuH, 



66 



65.95 



65.953275 



0.003 



6 7 



66.96 



66.9611 



0.001 



CrO 



66 



67.93 



67.93541 



0.005 



CrOW, 



70 



69.95 



69.95106 



0.001 



OOW, 



7 1 



70.96 



70958885 



0.001 



NiO 



74 



73.93 



73.93021 



0.000 



MOW 



75 



74.94 



74.938035 



0.002 



MOW 7 



76 



75.95 



75.94586 



0.004 



mow, 



17 



76.95 



76.953685 



0.004 



NiOH t 



78 



77.96 



77 96151 



0.002 



MOW, 



79 



78.97 



78.969335 



0.001 



CuOHy 



82 



81.945 



81.948185 



0.003 
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CuOH, 


83 


02.955 


82.95601 


0.001 


CrOyH 7 


86 


85.945 


05 94597 


0 001 


"GaOH 7 


87 


86.94 


86 93626 


■ 

0 004 


Mo 


92 


91.90 


91 90G3 




Moll 


93 


92.9 1 


92 


V.vU'* 


MoO 




1 07 90 


1 ft7 Qf> 19 1 

1 Uf . JU 1 £ I 


U.UU1 | 


MoOH 




1 OA Q 1 


l uy yoyojD 


0.001 


Cr.O 

7 


1 OA 

1 ^ u 


1 (A Q7 
1 1 » . O / 


1 1 9.87591 


0.006 


Cr 7 OH 


It? 


1 20.8S 


1 20. 883 f 35 


0.004 


Cr 7 0 7 H 


1 37 


i rm nn 




0. 00 1 




138 


137.88 


137.80647 


0.006 


Silarves/Silox anes 










Si 


28 


27.97 


27.97693 


0.007 


SiH 


29 


28. 9B 


20.904755 


0.005 


SiOH 


45 


44.98 


44.979665 


0.000 


SiOiU 


46 


45.99 


45.90749 


0.003 




1 28 


128.03 


128.03292 


0.003 


Si 4 H n 


129 


129.01 


129.040745 


0.001 


NaSiH 6 Si,//, 


1 49 


149.01 


1 49.00707 


0.003 


Si t H iS Q 


1 99 


198.97 


198.973865 


0.004 



a Interference of "Kit; from was eliminated by comparing the * l Kf *K 

ratio with the natural abundance ratio (obs, ~ = 26 5% nat ab ratio 

2004 1 



= 555 « 7.4%). 

93.1 7 

The positive ion spectrum was dominated by CV then Na . At\ Fe\ 
Ni\ Cu\ Mo\ Si\ Li\ K~ , and NO] was also present. Weaker observed 
ions that are not shown in TABLE 32 are MoOH. and CrOH*. Silane and 
siloxane fragments were observed which were present ai essentially each 
m/c>\50. Some representative silanes and siloxanes are siven. Also 
observed were polydimcihylsiloxanc ions at m/e = 73. H7. 201. 221, and 
281. The compounds giving rise to these ions must have been produced 
in the hydrino hydride reactor or in subsequent reactions between 
reaction products since the sample was absent of any other source of 
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these compounds. Sputter cleaning caused the silane. siloxane, 
polydimcthylsiloxane, and NO* peaks to disappear. 

The hydrino hydride compounds {mU) assigned as parent peaks or 
the corresponding fragment {m/e) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #13 taken in the 
static mode appear in TABLE 33. 

TABLE 33. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (m/e) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample /M3 taken 



in the static mode. 



Hyclnno Hydride 


Nominal 


Observed 


Calculated 


Difference 


VfOrppouncj 


M3SS 


m / e 


m/e 


Between 


oi Fragment 


m t e 






and Cateulaled 
m / r 


KH X 


42 


4 1.99 


4 1.987 185 


0.0028 




4 3 


43.00 


42.99501 


0.005 


Na,H 7 


48 


48.00 


47.99525 


0.005 


NaHNaOH 


64 


64.00 


63.99016 


0.001 


No, OH. 


66 


66.00 


66.00581 


0 006 


CrO 


68 


67.93 


67.9354 I 


0.005 


Cr0 7 


84 


83 93 


83.93032 


0.000 


CrOJi 


85 


84.94 


84.938145 


0.002 


Cr0 7 H 7 


86 


85.94 


85.94597 


0.006 


FeO, 


88 


87.92 


67.92472 


0.005 


FeOJi 


89 


88.93 


88.932545 


0.002 


FtOJi, 


90 


89.94 


89.94037 


0.000 


Kl/ X KOH 


99 


90.95 


98.961455 


0.01 1 


CrO y 


100 


99.92 


99.92523 


0.005 


OOJi 


101 


tOO. 93 


100.933055 


0.003 


CrO } H 7 


t02 


101.935 


101 .94088 


0.006 


MoO y 


1 40 


139.89 


139.89103 


■■ 

0.001 


MoOy/i 


t 4 1 


■ ■ ■ ■- ■ — 1 

140.89 


1 40.898855 


0.009 
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MoO H 


1 57 


1 56.89 


156.88346 


— 

0.007 




306 


305. 74 


305.7413 


0.000 




317 ! 


316.73 


316.7306 


0.000 


CrJ 


433 


432.64 


432 641 7 


0.002 


F<?/ 


437 


436.64 


436.6361 


0.004 


Silanes/Silox a nes 










Si 


28 


-- - - 

27.97 


27.97693 


0.007 




29 


28.98 


28.984755 


0.005 




57 


57.02 


57.01368 


0.006 




58 


58.02 


58.021505 


0.002 




5 9 


59.02 


59.02933 


0.009 


* 


60 


59.97 


59.96675 


0.003 


KSiH b 


73 


72.99 


7298759 


0.002 


SiO> 


76 


75.96 


75.96166 


0.002 


StO x H 


77 


76.97 


76.969405 


0 001 


Si'OyH; 


7 8 


77.97 


77.97731 


0.007 




249 


249. 0t 


249 01 1065 


0.001 




249 


248 93 


248.93277 


0 003 


NaSi,H n C{ftaSi 7 H h O) 


3S0 


349.9? 


349.91829 


0.002 




45! 


4S0.9 


450 9038 1 


0.004 



The negative mode ion spccirum showed the following inorganic 
ions: 0\ OH\ F" (trace), NO;. .{-containing ions {S\ Sir , SO; , HSO;) p Ci\ 

/,\ and Mo-containing ions (irace) (MoO;. and JJMoO;). Silanc and 
siloxane fragmenls were observed which were present at essentially each 
m/e>]S0. The sUoxanc ions with the formula NnSiJi u O(NaSi,H u O) ' n = 0 to 2 

dominated the high mass range of ihe negative specua. A structure for 
NaSUW given in TABLE 33 is 
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*A 

Si- 

» 

H 



H 
i 

Si- 
H 



H 
i 

Si' 
H 



Si 

H 
H 



O 



A fragment from sodium silanc or siloxane ions given herein may account 
for the NaSiH," peak of the Electrospray lonization-Timc-Of-Flighi-Mass- 
Spcctrum of ESITOFMS sample 112 given in the corresponding section. 

A very large KH y ' peak (100,000 counts) was present which 
confirms that KH> is volatile since it was obtained via cryopumping of the 
reaction products of the gas cell hydrino hydride reactor. This m u = A2 
peak confirms the m/c = 42 peak observed as a function of ionization 
potential of the mass spectrometer for a similar gas cell sample as shown 
in FIGURE 62. A different ion of KH„. KH*'ml* = 7l, is observed in the 
case of an electrolytic cell sample as shown in FIGURE 63. Both results 
are described in the Identification of Hydrino Hydride Compounds by 
Time-Of-Flight-Secondary- Ion Mass-Spectroscopy (TOFSIMS) Section. 

The 0 to 110 eV binding energy region of an X-ray Photoclectron 
Spectrum (XPS) of TOFSIMS sample #13 (XPS sample «H) is show,, ,„ 
FIGURE 66. The 0 eV to 80 cV binding energy region of an X-ray 
Photoclectron Spectrum (XPS) of Ki (XPS sample ffl5) is shown in FIGURE 
67. Comparing FIGURE 66 to FIGURE 67, hydrino hydride ion peaks 
/f(n= Mp) for y>=3 to p=!6 were observed. The XPS survey spectrum of 
(XPS sample #14) was consistent with silicon, oxygen, iodine, sulfur, 
aluminum, and chromium. Small molybdenum, copper, nickel, and iron 
peaks were also seen. The other elements seen hy TOFSIMS were below 
the detection limit of XPS. No potassium peaks were observed at the XPS 
detection limit. 

The XPS silicon peak confirms the hydrino hydride silnne and 
siloxane compounds observed in the TOFSIMS spectra. XPS further 
confirms the TOFSIMS spectra that the major components were metal 
hydrino hydrides such as chromium hydrino hydrrdc. The presence of 
metal with hydrino hydride and oxide ions indicates that the metal 
hydrino hydride may become oxidized over lime. The observed metals 
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(as metal hydrino hydrides) wcic cryopnmpcd at a temperature at which 
these metals alone have no volatility. Furthermore, for each major 
primary clement of the sample, a shoulder or unusual XPS peak of the 
primary element was found at the binding energy of a hydrino hydride 
5 ion as shown in FIGURE 66. This may be due to bonding of a hydrino 
hydride ion to a primary element to form a compounds such as MH n , 
where M is a metal and „ is an integer as given in TABLE 32. As a 
further example, a shift of the potassium 3/> and oxygen 2s of XPS sample 
#7 shown in FIGURES 22 and 64 to the position of the hydrino hydride 
10 ion 2/ (1/6) at binding energy (22.8 eV) may be due to ihe presence of 
KHKOU which is seen in the TOFSIMS spectrum (TOFSIMS sample #8) 
shown in FIGURE 60. XPS and TOFSIMS confirm the presence of hydrino 
hydride compounds. The present TOFSIMS data was particularly 
compelling due the presence of the isotope peaks of the metal hydrino 

1 5 hydrides. 

JAB — !djmiLfie^ijoji^f_^ Com pounds hv Fo uri er Transform 

IoDjue<L-IFT|Rj_S pectrosc opy 

2 0 Infrared spectroscopy measures the vibrational frequencies of ihe 

bound atoms or ions of a compound. The technique is based on the fact 
that bonds and groups of bonds vibrate at characteristic frequencies. 
When exposed ip infrared radiation, a compound selectively absorbs 
infrared frequencies that match those of allowed vibrational modes. 
2 5 Therefore, the infrared absorption spectrum of a compound reveals 

which vibrations, and ihus which functional groups, are present in the 
structure. Thus, novel vibrational frequencies that do not match the 
functional groups of known possible compounds in a sample are 
signatures for increased binding energy hydrogen compounds. 



30 



13.8.1 Sample Collection and Preparation 



A reaction for preparing hydrino hydride ion-containing 
compounds is given by Eq. (8). Hydrino atoms which react lo'form 
3 5 hydrino hydride ions may be produced by an electrolytic cell hydride 

reactor which was used to prepare crystal samples for FT1R spectroscopy. 
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1 0 



The hydrino hydride compounds were collected directly or ihey were 
purified from solution wherein the K } CO> electrolyse was acidified with 
///V0 3 before crystals were precipitated on a crystallization dish. 

Sample ffl. The sample was prepared by concentrating the K,CO* 
electrolyte from the Thermacorc Electrolytic Cell uniil yellow-white 
crystals jusi formed. The XPS (XPS sample »6). XRD spectra (XRD sample 
#2). TOI : SIMS spectra (TOFSIMS sample «l), NMR (NMR sample #1). and 
ESltOFMS spectra (ES1TOFMS sample #2) were also obtained. 

Sample #2. A reference comprised 99.999% KIICO i . 
Sample /O. A reference comprised 99.999% K 7 CO>. 

15 Sample #4. The sample was prepared by I.) acidifying 400 cc of 

the K 2 CO s electrolyte of the Thcrmacore Electrolytic Cell with HNO yt 2.) 
concentrating the acidified solution to a volume of 10 cc v 3.) placing the 
concentrated solution on a crysiallization dish, and 4.) allowing crystals to 
form slowly upon standing at room temperature. Yellow-white crystals 

2 0 formed on the outer edge of the crystallization dish. XPS (XPS sample 
ft 10). mass spectra (mass spectroscopy electrolytic cell samples if 5 and 
#6). XRD spectra (XRD samples *3A and #3B). and TOFSIMS (TOFSIMS 
sample #3) were also obtained. 

2 5 Sample #5. A reference comprised 99.999% KNO y . 

13.8.2 Fourier Transform Infrared (FTIR) Spectroscopy 

Samples were sent to Surface Science Laboratories. Mountain View 

3 0 California for FTIR analysis. A sample of each material was transferred 

to an infrared transmitting substrate and analyzed by FTJR spectroscopy 
using a Nicolet Magna 550 FTIR Spectrometer with a NicPlan FTIR 
microscope. The number of sample scans was 500. The number of 
background scans was 500. The resolution was 8.000. The sample gain 
3 5 was 4.0. The mirror velocity was 1.8988. The aperture was 150.00. 
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13.83 Results and Discussion 

The FUR spectra of potassium bicarbonate (sample 112) and 
potassium carbonaie (sample #3) were compared with lhai of sample #1. 
5 A spectrum of a mixture of the bicarbonate and the carbonate was 
produced by digitally adding the two reference spectra. The two 
standards alone and the mixed standards were compared with that of 
sample til. From the comparison, it was determined that sample til 
contained potassium carbonaie but did not contain potassium 
1 0 bicarbonate. The second component could be a bicarbonate other than 
potassium bicarbonate. The spectrum of potassium carbonaie was 
digitally subtracted from the spectrum of sample H\ . The subtracted 
spectrum appears in FIGURE 68. Several bands were observed inciudin* 
bands in the MOO - 1600 on * region. Some organic nitrogen compounds 

1 5 (e.g. acrylnmides, pyrolidinoncs) have strong bands in the region 

1660 cm" 1 . However, the lack of any detectable C-li bands and the bonds 
in the 700 to 1 100 c»r l region indicate an inorganic material. Peaks 
assigned hydrino hydride compounds were observed at 3294, 3077. 2883, 
MOOcm'. 2450, 1660. 1500, 1456, 1423, 1300, 1154. 1023, 846 t 76). and 669 an'\ 

2 0 The novel peaks without identifying assignment correspond to and 

identify hydrino hydride compounds according to the present invention. 
The FTIR results were confirmed by XPS (XPS sample lib). TOPS IMS 
(TOPS IMS sample tfl), and NMR (NMR sample ft\) as described in the 
corresponding sections. 
25 The overlap FTIR spectrum of sample til and the FTIR spectrum of 

the reference potassium carbonate appears in FIGURE 69. In the 700 to 
2500 cm * region, the peaks of sample til closely resemble those of 
potassium carbonate, but they are shifts about 50 cm"' to lower 
frequencies. The shifts are similar to those observed by replacing 

3 0 potassium {K s CO>) with rubidium {RbXOJ as demonstrated by comparing 

their IR spectra [M. II. Brooker, J. B. Bates, Spectrochimica Acata. Vol. 30A, 
(194), pp. 2211-2220 ). The shifts of sample #1 are assigned to hydrino 
hydride compounds having the same functional groups as potassium 
carbonate bound in a bridged structure containing hydrino hydride ion. 
3 5 A structure is 
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— K* — H (1 / p)-f- K*— CQ 3 ^- F- H (1 / p) 



n 



The FTIR spectrum of sample #4 appears in FIGURE 70. The 
frequencies of the infrared bands of KNO y appear in TABLE 34 (K. Buijs, C. 

J. H. Schutte, Spectrochim. Acta, (1962) Vol 18, pp. 307-313.)- The 
infrared spectral bands of sample 84 malch those of KNO y identifying a 
major component of sample #4 as KNO y with two exceptions. Peaks 
assigned to hydrino hydride compounds were observed at 2362 an % and 
2336 cm~\ The novel peaks were confirmed by overlaying the FTIR 
spectrum of the reference comprising 99.999% KNO y (sample «5) with the 

FTIR spectrum of the sample #4. The peaks were only present in the 
FFIR spectrum of sample #4. The novel peaks without identifying 
assignment correspond to and identify hydrino hydride compounds, 
according to the present invention. The FTIR results were confirmed by 
XPS (XPS sample tflO), mass spectroscopy (mass spectroscopy electrolytic 
cell samples #5 and «6), TOFSIMS (TOFSIMS sample #3), and XRD (XRD 
samples #3A and #3B) as described in the corresponding sections. 
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TABLE 34 The freqiicn ciesofjhc infrared bands of KNO^ 



Frequency 
(cm -ij 


Relative Intensity 


715 




WW. 


811 


WW. 


826 


s. sp. 


1052 


ww. sp. 


1383 


ws. 


1767 


m. sp. 


1873 


WW. 


2066 


w. sp. 


2092 


vw. sh. 


2151 


WW. 


2404 


m, sp. 


242 1 


m. sh. • 


2469 


w. 


2740 


w. sp. 


2778 


W. Sp. 



1^— JdOlUlte^ 
S pectro scopy 



I 0 



1 5 



Raman spectroscopy measures ihc vibrational frequencies of Ihe 
bound atoms or ions of a compound. The vibrational frequencies are a 
function of ihe bond strength and the mass of the bound species. Since 
the hydrino and hydrino hydride ion are each equivalent in mass to the 
hydrogen atom, novel peaks relative to the spectrum of hydrogen bound 
to the a given species such as nickel are indicative of different bond 
strengths. A different bond strength can only arise if the binding energy 
of the electrons of hydrogen species is different from the k now binding 
energies. Thus, these novel vibrational frequencies are signatures for 
increased binding energy hydrogen compounds. 



13.9.1 Sample Collection and Preparation 
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A reaction for preparing hyclrino hydride ion-containing 
compounds is given by l*q. (8). Hydrino atoms which read to form 
hydrino hydride ions may be produced by a /f,CO, electrolytic eel! 

hydride reactor. The cathode was coated with hydrino hydride 
5 compounds during operation, and a nickel wire from the cathode was 

used as the sample for Raman spectroscopy. Controls comprised a control 
cathode wire from an identical Na 7 CO y electrolytic cell and a sample of the 
same nickel wire used in the tf ? C0, electrolytic cell. An additional sample 
was obtained from the electrolyte of a tf ? C0, efectrolytic cell. 

1 0 

13.9.!.! Nickel Wire Samples. 

Sample ti\. Raman spectroscopy was performed on a nickel wire 
that was removed from (he cathode of the K 2 C0> Thermacorc Electrolytic 
Cell that was rinsed with distilled water and dried. 

1 5 

Sample t!2. Raman spectroscopy was performed on a nickel wire 
that was removed from the cathode of a control Nt^CO^ electrolytic cell 

operated by BlackLight Power, Inc. that was rinsed with distilled wnicr 
and dried. The cell produced no enthalpy of formation of increased 
20 binding energy hydrogen compounds during two, years of operation and 
was identical to the cell described in the Crystal Samples from an 
Electrolytic Cell Section except that /VV/ ? CO, replaced K ? CO, as the 
electrolyte. 

2 5 Sample #3. Raman spectroscopy was performed on the same nickel 

wire (Nl 200 0.0197", HTN36NOAG1, A! Wire Tech. Inc.) that was used in 
the electrolytic cells of sample Ui and sample #2. 

13.9.1.2 Crystal Sample. 

30 

Sample #4. The sample was prepared by concentrating 300 cc of 
the X\C0, electrolyte from the BLP Electrolytic Cell using a rotary 

evaporator at 50 °C until a precipitate just formed. The volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 

3 5 until the crystals disappeared. Crystals were then grown over three 

weeks by allowing the saturated solution to stand in a sealed round 
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bottom flask for three weeks at 25°C. The yield was 1 g. XPS (XPS 
sample 07). TOFS1MS (TOFSIMS sample #8), »K NMR ( }9 K NMR sample 
tfl) f and FS1TOFMS (15S1TOFMS sample «3) were also performed. 

5 13.9-2 Raman Spectroscopy 

Experimental and control samples were analyzed blindly by the 
Environmental Catalysis and Materials Laboratory of Virginia Tech. 
Raman spectra were obtained with a Spex 500 M spectrometer coupled 
1 0 with a liquid nitrogen cooled CCD (charge coupled device) detector 
(Spectrum One, Spex). An Ar* laser (Model 95, Lcxel) with the light 
wavelength of 514.5 nm was used as the excitation source, and a 
holographic filler (SupcrNoich Plus, Kaiser) was employed to effectively 
reject the elastic scattering from the sample. The spectra were taken M 

1 5 ambient conditions and the samples were placed in capillary glass lubes 

(0.8-1.1 mm OD, 90 mm length, Kimble) on a capillary sample holder 
(Model \A92. Spex). Spectra of the powder samples were acquired using 
the following condition: the laser power at the sample was 10 snW, the 
slil width of the monochromator was 20 mm which corresponds to a 

2 0 resolution of 3 cm'\ the detector exposure lime was 10 s, and 30 scans 

were averaged. The wires were directly placed on the same sample 
holder. Since the Raman scancring from the wires were significantly 
weaker, the acquisition conditions for their spectra were: the laser power 
at ihc sample was 100 mW, the slit width of the monochromator was 50 

2 5 mm which corresponds to a resolution of 6 cm'\ the detector exposure 

time was 30 s, and 60 scans were averaged. 

13.9.3 Resnlis and Discussion 

3 0 Shown in FIGURE 71 The stacked Raman spectrum of I.) a nickel 

wire that was removed from the cathode of the K\CO, Thermacore 

Electrolytic Cell that was rinsed with distilled water and dried, 2.) a 
nickel wire that was removed from the cathode of a control Afo,CO. 

electrolytic cell operated by BlackLighi Power, Inc. that was rinsed with 
3 5 distilled water and dried, and 3.) the same nickel wire (Nl 200 0.0197", 
HTN36NOAG1, Al Wire Tech, Inc.) that was used in the electrolytic cells 
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of sample n and sample #3. The identifiable peaks of each spectrum are 
indicated. In addition, sample tfl {cathode of the K 7 CO> electrolytic cell) 
contained a number of unidentified peaks at 1 134 c»f\ 1096 an\ 1047 cm" 1 , 
1004 cm* 1 , and 828 cm \ The peaks do not correspond to the known Raman 
peaks of /C ? CO, or KllCO, II. a. Gegcn, G. A. Newman. Sped rochi mica Acta, 
Vol. 49A, No. 5/6, (1993), pp. 859-887.) which are shown in TABLE 35 
and TABLE 36. respectively. The unidentified Raman peaks of the 
crystals from the cathode of the K 2 CO y electrolytic cell hydrino hydride 
reactor arc in the region of bridged and terminal metal-hydrogen bonds. 
The novel peaks without identifying assignment correspond to and 
identify hydrino hydride compounds, according to the present invention. 



fABLE 35. The frequencies of the Raman bands of K 2 CO y 



F requeue y 
(ctn») 


Relative Intensity 


132 


m 


102 


m 


235 


w 


675 


vw 


700 


vw 


1 059 


s 


t372 


vw 


t4 20 


vw 


14 38 


vw 
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I*ADLE 36. The frequencies of the Raman bands of KHCO x 



Frequency 
(cmM 


Relative Intensity 


79 


s 


106 


s 


137 


m 


1 83 


m 


635 


m 


675 


m 


1028 


s 


1278 





In addition to Raman spectroscopy, X-ray diffraction (XRD), 
calorimetry. and gas chromatography experiments were performed as 
given in the corresponding sections. The corresponding XRD sample was 
sample ffl. The 2-iheia and d-spacings of the unidentified XRD peaks of 
the crystals from the cathode of the K 2 CO, electrolytic cell hydrino 

hydride reactor (XRD sample J/1 A) are given in TABLE 5 and FIGURE 50. 
The results of the measurement of ihc enthalpy of ihe decomposition 
reaction of hydrino hydride compounds measured with the adiabatic 
calorimeter are shown in FIGURE 43 and TABLE 8. The results indicate 
that the decomposition reaction of hydrino hydride compounds is very 
exothermic. In the best case, the enthalpy was \MJ released over 30 
minutes. The gas chromatographic analysts (60 meter column) of high 
purity hydrogen is shown in FIGURE 45. The results of ihe gas 
chromatographic analysis of the heated nickel wire cathode of ihc /C 7 C0, 

cell appear in FIGURE 46. The results indicate that a new form of 
hydrogen molecule was delected based on the presence of peaks with 
migration times comparable but distinctly different from those of the 
normal hydrogen peaks. 

The Raman spectrum of sample #4 appears in FIGURE 72. In 
addition to the known peaks of KHCO y and a small peak assignable to 
/f ? CO„ unidentified peaks at I685cm~' and 835 cm* 1 are present. The 
unidentified Raman peak at 1685 cm" 1 is in the region of N-H bonds. FTIR 
sample til also contains unidentified bands in the 1400- 1600 cm" 1 region. 
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Raman sample JM and FTIR sample U\ do not contain N-H bonds by XPS 
studies. The N \s XPS peak of the former is at 3916 eV and the N \^ XPS 
peak of the later is a very broad peak at about 390 eV. Whereas, the N Is 
XPS peak of compounds containing an N - H bond is seen at about 399 eV. 
5 and the lowest energy N \s XPS peak for any known compound is about 
397 eV. 

The 835 cm ' peak of Raman sample 84 is in the region of bridged 
and terminal metal-hydrogen bonds which are also indicated in Raman 
sample #1. The novel peaks without identifying assignment correspond 
I 0 to and identify hydrino hydride compounds, according to the present 



1 5 



30 



invention 



mQ_i_l<jcntification of Hydrjnojj^^ b y Proton Nuclear 

MasnetjjcJi^^ 



NMR can distinguish whether a proton of a compound is present as 
a proton, li;, a hydrogen atom, or a hydride ion. In the later case, NMR 
can further determine whether the hydride ion is a hydrino hydride ion 
and can determine (he fractional quantum state of the hydrino hydride 
2 0 ion. The proton gyromagnetic ratio y,/2k is 

y r I 2n = 42 57602 MHz T % (83) 
The NMR frequency / is the product of the proton gyromagnetic ratio 
given by Eq. {83) and the magnetic flux B. 

y p /2/iB- 42.57602 MHz r»B (84) 

2 5 A typical flux for a superconducting NMR magnet is 6.357 T. According to 

Eci. (84) this corresponds to a radio frequency (RF) of 270.6557591 MHz. 
With a constant magnetic field, the frequency is scanned to yield the 
spectrum. Or, in an example of a common type of NMR spectrometer, the 
radiofrequency is held constant at 270.6196 MHz , the applied magnetic 
tictd // 0 (W 0 = —) is varied over a small range, and the frequency of 

energy absorption is recorded at the various valves for H 0 . Or, the Held 
is varied whh an RF pulse. The spectrum is typically scanned and 
displayed as a function of increasing H 0 . The protons that absorb energy 
at a lower H 0 give rise to a downfield absorption peak; whereas, the 

3 5 protons that absorb energy at a higher W 0 give rise to an upfield 
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absorption peak. The electrons of the compound of a sample influence 
the field at the nucleus such that it deviates slightly from the applied 
value. For the case that, the chemical environment has no NMR effect, the 
value of H 0 at resonance with the radiofrcquency held constant at 
5 270.6196 Mill is 

2*f ,. (2n )(270.6l96Affl z) = 

i**r P ft* 42 57602 mhi r ' 0 ( 8 5 } 

In the case that the chemical environment has a NMR effect, a different 
value of H 0 is required for resonance. This chemical shift is proportional 
to the electronic magnetic flux change at the nucleus due to the applied 
I 0 field which in the case of each hydrino hydride ion is a function of its 

radius. The change in the magnetic moment, Am, of each electron of the 
hydride ion due to an applied magnetic flux B is (Puree)!. E., El ectricit y 
aodJ^ajijcinbJD. McGraw-Mill p New York, (1965), pp. 370-389.) 



? ?i> 

Am = -T— (86) 

1 5 The change in magnetic flux AB at the nucleus due to the chansc in 

magnetic moment. Am, of each electron follows from Eq. (1.100) of Mills 
I Mills, R., The Grand Unified Theory of Classic al Quantum Mechanics. 
September 1996 Edition (~ "96 Mills GUT")). 

AB = — {i,cos0- i o $in0) for r < r n (g7) 

2 0 where /* 0 is the peimcabiliiy of vacuum. It follows from Eqs. (86 87) 

that the diamagneiic flux (flux op|x>site to the applied field) at the 
nucleus is inversely proportional to the radius. For resonance to occur, 
A// 0 . the change in applied field from thai given by Eq. (85), must 

compensate by an equal and opposite amount as the field due to the 

2 5 electrons of the hydrino hydride ion. According to Eq. (21). the ratio of 

the radius of the hydrino hydride ion H"(\fp) to that of the hydride ion 
//"(I/ 1) is the reciprocal of nn integer. It follows from Eqs. (85-87) that 
compared to a proton wiih a no chemical shift, the ratio of AW g for 
resonance of the proton of the hydrino hydride ion H~{\fp) to that of the 

3 0 hydride ion H~(\f\) is a positive integer (i.e. the absorption peak of the 

hydrino hydride ion occurs at a valve of AH 0 that is a multiple of p times 
the value of A// 0 that is resonant for the hydride ion compared to that of 
a proton with no shift where p is an integer). However, hydride ions are 
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DDI present ns independent ions in condensed mailer. Hydrino hydride 
ions form neutral compounds wiih alkali and other cations which 
contribute a significant downficld NMR shifi to give an NMR signal in a 
range detectable by an ordinary proton NMR spectrometer. In addition* 
5 ordinary hydrogen may have on extraordinary chemical shift due to the 
presence of one or more increased binding energy hydrogen species of a 
compound comprising ordinary and increased binding energy hydrogen 
species. Thus, the possibility of using proton NMR was explored to 
identify hydrino hydride ions and increased binding energy hydrogen 
1 0 compounds by their novel chemical shifts. 

13.10.1 Sainpie Collection and Preparation 

A reaction for preparing hydrino hydride ion containing 

1 5 compounds is given by Eq. (8). Hydrino atoms which react to form 

hydrino hydride ions may be produced by an electrolytic cell hydride 
reactor which was used to prepare crystal samples for NMR spectroscopy. 

Sample HI. The sample was prepared by concentrating the KXO i 

2 0 electrolyte from the Thermacorc Electrolytic Cell until yellow- white 

crystals just formed. XPS (XPS sample #6). XRD spectra (XRD sample #2). 
TOFSIMS (TOFSIMS sample #!)> FTIR spectrum (FTIR sample ffl), and 
ESiTOFMS spectra (ESiTOFMS sample «2) were also obtained. 

2 5 Sample H2. A reference comprised 99.999% K 7 CO^ 

Sample #3. A reference comprised 99% KHCO y . 

13.10.2 Proton Nuclear Magnetic Resonance (NMR) Spectroscopy 
30 " 

Samples were sent to Spectral Data Services. Champaign. Illinois. 
Magic-angle solid proton NMR was performed. The data were obtained 
on a custom built spectrometer operating with a Nicolet 1280 computer. 
Final pulse generation was from a tuned Henry radio amplifier. The *H 
35 NMR frequency was 270.6196 MHz. A 2/rsec pulse corresponding to a 
15° pulse length and a 3 second recycle delay were used. The window 
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was ±3IUfc. The spin speed was 1.5 kHz. The number of scans was 
1000. Chemical shifts were referenced to external TMS. The offset was 
1527.12 Hz. The magnetic flux was 6.357 T. 

5 13.10.3 Rcsulls and Discussion 

The NMR spectra of sample tt\ is shown in FIGURE 73. The 
peak assignments are given in TABLE 37. The NMR spectrum of the 
KjCOy reference > sample ff2 T was extremely weak. It contained a 
10 water peak at 1.208 ppm, a peak nt 5.604 ppm, and very broad weak 
peaks at 13.2 ppm. and 16.3 ppm. The NMR spectrum of the KHCO 
reference, sample «3> contained a large peak at 4.745 with a small 
shoulder at 5.150 ppm, a broad peak at 13.203 ppm. and small peak 
at 1.2 ppm. 

1 5 T» c Hydrino hydride compound peaks shown in FIGURE 73 and 

assigned in TABLE 37 were not present in the control The NMR 
spectrum was observed lo be reproducible, and the hydrino hydride 
compound peaks were observed to be present in the NMR spectra of 
samples prepared from the K 7 CO> cell by different methods (e. g. 

2 0 TOFSIMS sample »3). The peaks could not be assigned to 

hydrocarbons. Hydrocarbons were not present in sample tl] based 
on the TOFSIMS spectrum (TOFSIMS sample til) and the FTIR 
spectrum (FTIR sample #1). The novel peaks without identifying 
assignment correspond to and identify hydrino hydride compounds. 

2 5 according to the present invention. The assignment of hydrino 

hydride compounds was confirmed by XPS (XPS sample »6), XRD 
spectra (XRD sample #2), TOFSIMS (TOFSIMS sample f/l)_ FTJR 
spectrum {FTIR sample #1). and ES1TOFMS spectra (ESITOFMS 
sample U2) described in the corresponding sections 

3 0 
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TABLE 37 



The NMR peaks of sample ft) whh their assig nments. 
Peak 



Number 



1 



10 



Shin 

ifLELLDl 



+ 34.54 



+ 22.27 



♦ 17.163 



+ 10.91 



40.456 



* 7 .50 



+5.066 



* K830 



0.50 



12.05 



15.45 



Assignmenl 



side band ot peak 7 



hydrino hydride 
compound 



hydrino hydride 
compound 



hydrino hydride 
compound 



hydrino hydride 
compound 



H..O 



hydrino hydride 
compound 



.side band of peak 3 



hydrino hydride 
compou nd I a 



hydrino hydride 
compound 



a small shoulder is observed on peak 10 whic* is the side bond of peak 7 

!JJJ lden ''flcation of Hy<Lrmc^^rid^omp 0ll nds bv E»eci£Og]2raY: 

iMiaiim J i mfcQI^^ (^SJTOFMS} 

Elecirospray-lonizDiion-Time-Of-Fli«ht-Mass-Spcctroscopy 
(ESITOFMS) is a method to determine ihe mass spectrum over a large 
dynamic range of mass to charge ratios (e.g. m /*- 1-600) with exircmely 
high precision (e.g. ±0.005 «mi/>. Essentially the M + I peak of each 
compound is observed without fragmentation. The analyte is dissolved in 
a carrier solution. The solution is pumped into and ionized in an 
Oecirospray chamber. The ions are accelerated by a pulsed voltage, and 
the mass of each ion is then determined with a high resolution timc-of- 
flight analyzer. 
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13.1 I.I Sample Collection and Preparation 

A reacrion for preparing hydrino hydride ion-containing 
5 compounds is given by Eq. (8). Hydrino atoms which react to form 
hydrino hydride ions may be produced by a gas cell hydride reactor 
which was used to prepare crystal samples for ESITOFMS. The hydrino 
hydride compounds were collected directly following cryopumping from 
the reaction chamber. 

1 0 

Sample 01. The sample was prepared by collecting a dark colored 
band of crystals from the top of the gas cell hydrino hydride reactor 
comprising a Kl catalyst, stainless steel filament leads, and a IV filament 
that were cryopumped there during operation of the cell. XPS was also 

1 5 performed at Lehigh University. 

Sample ill. The sample was prepared by concentrating the *\CO ; 
electrolyte from the Thermaeore Electrolytic Cell until yellow-white 
crystals just formed. XPS was also obtained at Lehigh University by 

2 0 mounting the sample on a polyethylene support. In addition to 

ESITOFMS, XPS (XPS sample #6), XRD (XRD sample *f2). TOFSIMS 
(TOFSIMS sample fll), FUR (FOR sample HI), and NMR (NMR sample 01), 
were also performed as described in the respective sections. 

2 5 Sample //3. The sample was prepared by concentrating 300 cc of 

the KjCtf, elecirolyic from the BLP Electrolytic Cell using a rotary 

evaporator at 50 °C until a precipitate just formed. The volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 
until the crystals disappeared. Crystals were then grovCn over three 

3 0 weeks by allowing the saturated solution to stand in a sealed round 

bottom flask for ihrce weeks at 25*C. The yield was i g. In addition to 
ESITOFMS, XPS (XPS sample #7). TOFSIMS (TOFSIMS sample #8), *K NMR 
(*K NMR sample and Raman spectroscopy (Raman sample #4) were 

also performed. 

35 

Sample #4. The sample was prepared by collecting a red/orange 
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band of crystals lhat were cryopurnped to the top of ihc gas cell hydrino 
hydride reactor at about )00°C comprising a Kl catalyst and a nickel 
fiber mat dissociator that was heated to 800 °C by external Mellen 
heaters. The TOFSIMS spectrum (TOFSIMS sample fl9) was also obtained 
5 as given in the TOFSIMS section. 

Sample H5. The sample was prepared by collecting a yellow band 
of crystals that were cryopumped to the top of the gas cell hydrino 
hydride reactor at about 120°C comprising a X7 catalyst and a nickel 
I 0 fiber mat dissociator that was heated to 800 °C by external Mellen 
heaters. The TOFSIMS spectrum (TOFSIMS sample fllO) was also 
obtained as given in the TOFSIMS section. 

Sample #6. A refcience comprised 99%> K,CO v 

1 5 

Sample til. A reference comprised 99 99% Kl . 

1 3. 1 1 .2 Elcctrospray- lonization-Timc-Of-Flighl-Mass-Spectroscopy 

2 0 (liSITOFMS) 

Samples were sent 10 Perseptive Biosystems (Framingham, MA) for 
ESITOFMS analysis. The data was obtained on a Mariner ESI TOF system 
fitted with a standard elecirospray interface. The samples were 

2 5 submitted via a loop injection system with a 5 loop at a flow rate of 

20/j//min. The solvent was watenacctonitrile (50:50) with 1% acetic acid. 
Mass spectra are plotted as the number of ions detected (Y-axis) versus 
the mass-to-charge ratio of the ions (X-axis). 

3 0 13.13.3 Results and Discussion 

In the case thai an M + 2 peak was assigned as a potassium hydrino 
hydride compound in TABLES 38-41, the intensity of the Af + 2 peak 
significantly exceeded the intensity predicted for the corresponding * l K 
3 5 peak, and the mass was correct. For example, the intensity of the peak 
assigned to KHKOH : was at least twice lhat predicted for the intensity of 
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the "K peak corresponding to K&H. In the case of ,y /T// 3 \ the peak 
was not present and peaks corresponding to a metastabJe neutral were 
observed wi/c = 42.)4 and mle-42. 23 which may account for the missing 
ions indicating that the * l K species {"Kill) was a neutral metastatic. A 
5 more likely alternative explanation is that i9 K and 4, /T undergo exchange > 
and for certain hydrino hydride compounds, the bond energy of the i9 K 
hydrino hydride compound exceeds that of the * X K compound by 
substantially more than the thermal energy due to the larger nuclear 
magnetic moment of *K. The selectivity of hydrino atoms and hydride 

1 0 ions to form bonds with specific isotopes based on a differential in bond 
energy provides the explanation of the experimental observation of the 
presence of 39 KH; in the absence of Al KH; in the TOFSIMS spectra 
presented and discussed in the corresponding section. Taken together 
BSITOFMS and TOFSIMS confirm ihe isotope selective bonding of 

I 5 increased binding energy hydrogen compounds. 

The hydrino hydride compounds {mfc) assigned as parent peaks or 
the corresponding fragments (mfe) of the positive Electrospray- 
Ionization-Time Of-FHght-Mass-Speclroscopy (BSJTOFMS) of sample tfl 
appear in TABLE 38. 



TABLE 38. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments im/e) of the positive Flcctrospray- 
lontzanon-Time-Of Fli fiht^ Mass-Spectrosco py (ES1TOFMS ) of sample tfl 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 
Mass 
m / e 


Observed 
ml e 


Calculated 
ml c 


Dillerence 
Between 
Observed 
and Calculated 
ml e 




I5f> 


154.985 


154.983615 


0.0014 


Si 4 H„0 : 


159 


159.0024 


159.014915 


0.0125 


NaSi % H 7 .0 


202 


202.0657 


202.049335 


0 016 


NaSi s H^O 


205 


2050713 


205.0728 t 


0.001 


Siji ?1 0 


21 1 


211.0591 


21 1.06776 


0.0087 




221 


221.0480 


221.034135 


0.014 




28 1 


281 .0676 


281.07129 


0.0037 
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1 5 



20 



25 



Si,H„ 


293 


293.1 152 1293.113195 


0.002 



Silanes were observed The Si,H 4t (m /*= 293) peak given in TABLE 
38 which is an M + l peak can fragment to SiH % and S*//„ (#«/*« 256). 

V'* (m / , - 292) SiH 9 (m t e = 36) + (m / * = 256) " ( g g ) 

A large m/<? = 36 peak was observed in ihe quadrapoic mass spectrum. 
Hie peak is assigned to S\H t . Dihydrino peaks were observed in ihe XPS 

at 139.5 eV, corresponding to //;^ = i;2c^~fej 139. 



.SeV and at 63 eV 



corresponding to H* 



\ 7 . V2 
2 2 



62.3 *V\ Silicon peaks were also 



observed. The dihydrino peaks are assigned 10 5#7/ B (e.s 



1 0 St 



3 3 



). 5/// 8 was also observed in the case of XPS 



sample «I2. The 0-160 eV binding energy region of a survey X-ray 
Phoioclcciron Spectrum (XPS) of sample ff!2 with the primary elements 
and dihydrino peaks identified is shown in FIGURE 74. The possibility of 
Pb or In as the source of the 139.5 eV peak was eliminated by TOFS1MS. 
No lead or zinc peaks were observed at ihe TOFSIMS detection limit 
which is orders of magnitude that of XPS. A NaS h H„ {m / e = 93) peak was 
observed in the TOFSIMS. This peak can give rise to the fragments 
NaSiH % iml* = yi) and 5W l (m/r«36). These fragments and similar 
compounds are shown in the Identification of Hydrino Hydride 
Compounds by Mass Spectroscopy Section. 

NaSi 7 H t4 (m / e = 93) -> NaSiH, (m / e = 57) SiH s (m / e = 36) (89) 
The hydrino hydride compounds (m/c) assigned as parent peaks or 
the corresponding fragments (mU) of the positive Electrospray- 

lonization-Time-Of-Flight-Mass-Spectroscopy (ESITOFMS) of sample 82 
appear in TABLE 39. 
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TABLLi 39. The hydrino hydride compounds (mfe) assigned as parent 
peaks or ihe corresponding fraginenis (m/e) of the positive Hlectrospray- 
1onizanon-Time-Of-Flioht.Mass> Spectroscopy (ESITOFMS) of sample tf2 



Hydrino Hydride 
Compound 
of Fragment 



KH 7 



Nominal 
Mass 
ml e 



4 1 



Observed 
ml t 



40.9747 



Calculated 
m I e 



40.97936 



Difference 
Between 
Observed 
and Calculated 
ml € 



0.005 



K,OH 



95 



94.9470 



94.930155 



0.017 



KHKOH) 



97 



96.9458 



96.945805 



0.000 



KH KHCO, 



140 



139.9307 



t39.9278 



0.003 



S i) a n es/S i t o x a u cs 



NaSiH A 



57 



56.9944 



57.01368 



0.019 



No^Sifl, 



80 



80.0087 



00.00348 



0.005 



151 



150.9658 



150.970725 



0.005 



165 



164.94 14 



164.949985 



0.009 



NaS' h H n 0 



247 



246.8929 



246.91712 



0.024 



303 



302.9068 



302.930065 



0.024 



564 



563.9549 



563.94378 



a 



0 01 1 



Interference of from n K was eliminated by comparing the "Kf 

ratio with the natural abundance ratio fobs. = 25%, nat. ab. ratio = 



6.88 
931 



= 7.4%). 



1 0 



The hydrino hydride compounds (mfe) assigned as parent peaks or 
the corresponding fragments [mfe) of the negative Electrospray- 
lonization-Time-OrFlight-Mass-Speciroscopy (GS1TOFMS) of sample U7 
appear in TABLE 40. 
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TABLE 40. The hydrino hydride compounds (mle) assigned as parent 
peaks or the corresponding fragments {mle) of ihe negaiive 
EIcctrospray-lonizauon-Time-Of-Flight-Mass-Speciroscopy (ESITOFMS) of 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 
Mass 
m 1 e 


Observed 
mle 


Calculated 
ml e 


Difference 
Between 
Observed 
and Calculated 
m 1 e 


Silanes/Siloxanes 










NaSM, 


53 


52.9800 


52.98238 


0.002 



The results for the positive and negaiive Electrospray- Jonization- 
Time-Of-night-Mass-Spectroscopy (ESITOFMS) sample #2 that appear in 
TABLES 39 and 40 were representative of the results obtained for sample 
#3. 

The hydrino hydride compounds {mle) assigned as parent peaks or 
the corresponding fragments {mle) of the positive Electrospray- 

lonization-Timc-Of-FHght-Mass-Spectroscopy (ESITOFMS) of sample «4 
appear in TABLE 41. 



15 TABLE 41. The hydrino hydride compounds {mle) assigned as parent 

peaks or the corresponding fragments (mle) of the positive Elecirospray- 



lonization-Timc-OrFlight-Mass-Spectroscopy (ESITOFMS) of sample #4 . 



Hydrino Hydride 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


mle 


mle 


Between 


or Fragment 


mle 






Observed 










and Calculated 










mle 




4 1 


40,9747 


40.97936 


0.005 


K,OH 


95 


94.9487 


94.930155 


0.019 


KHKOiU 


97 


96.9459 


96.945805 


0.000 


ton 


144 


143.9205 


143.903135 


0.017 




161 


160.9198 


160.90587 


0.014 


KIH t 


168 


167.9360 


167.87976 


0.057 
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K(KW) Kli 



261 



260.8203 



260.79426S 



0.026 



K was eliminated by comparing Ihe "Kf i9 K 
ratio with Ihe natural abundance ratio (obs. = 22%. nat ab ratio - 

93. 1 ' 



10 



1 5 



20 



25 



The results for ihe positive Electrosprnylonization-Time-Of-Flight- 
Mass- Spectroscopy (ESITOFMS) sample 04 thai appear in TABLE 4) were 
representative of the results obtained for sample #5. 

The ESITOFMS spectra of experimental samples had a greater 
intensity potassium peak per weight than the starting material control 
samples. The increased weight percentage potassium is assigned to 
potassium hydrino hydride compound KH.n = \io$ ( weight % K > 88%) as a 
major component of the sample. The "K peak of each ESITOFMS 
spectrum of an experimental sample was much greater than predicted 
from natural isotopic abundance. The inorganic m/e^4\ peak was 
assigned to KH;. The ESITOFMS spectrum was obtained for a potassium 
carbonate control and a potassium iodide control where each was run at 
10 times the weight of material as the experimental samples. The 
spectra showed the normal "K/ J9 X ratio. Thus, saturation of the detector 
did not occur. As further confirmation the spectra were repealed with 
mass chromatogrDms on a series of dilutions <10X, 100X, and I000X) of 
each experimental and control sample. The u Kl »K ratio was constant as 
a function of dilution. The correspondence between ESITOFMS sample 
(TABLE U) and the TOFSIMS sample U (TABLE # ) appear in TABLE 42. 

TABLE 42. The correspondence between ESITOFMS sample it (TABLE ft) 



ESITOFMS 
Sample 


ESITOFMS 
TABLE # 


TOFSIMS 
Sample 


TOFSIMS 
TABLE If 


2 


39 ~& 40 


t 


13 & 14 


3 


39 & 40 


8 


22 & 23 


4 


4 1 


9 


24 & 25 


5 


4 1 


t 0 


26 & 27 
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Hydrino hydride compounds were identified by both techniques. 
KSITOFMS and TOFS1MS confirm and complement each other and taken 
together provide redoubtable support of hydrino hydride compounds as 
assigned herein such as KH m . 

5 

13 J 2 identification of Hydrino Hydride C ompounds, _hy 

ThcxmQgravimetric Analy sts and Differential Thermal Analysis 
(TGA/DTA1 

1 0 Thermogravimetric Analysis 

Thermogravimetric analysis is a method which determines the 
dynamic relationship between temperature and mass of a sample. The 
mass t>f the sample is recorded continuously as its temperature is linearly 
increased from ambient to a high temperature (e.g. 1000 °C). The 

1 5 resulting thermogram provides both qualitative and quantitative 

information. The derivative curve of the thermogram {derivative 
thermal analysis) gives additional information that is not detected in the 
thermogram by improving the sensitivity. Bach compound has a unique 
thermogram and derivative curve. Novel rates of weight change as a 

2 0 function of time with a temperature ramp as compared to the control are 

signatures for increased binding energy hydrogen compounds. 

Differential Thermal Analysis 

Differential thermal analysis is a method where the heat absorbed 

2 5 or emitted by a chemical system is observed by measuring the 

temperature difference between that system and an inert reference 
compound as the temperatures of both are increased at a constant rate. 
The plot obtained between the temperature/time and the difference 
temperature is called a differential thermogram. Various exothermic and 

3 0 endothermic processes can be inferred from the differential thermogram 

and this can be used as a finger print of the compound under study. 
Differential thermal analysis can also be used to determine the purity of 
a compound (i.e. whether a mixture of compounds is present in the 
sample) 

35 



1 3. 12. 1 Sample Collection and Preparation 
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A reaction for preparing hydrino hydride ion-containing 
compounds is given by Eq. (8). Hydrino atoms which react to form 
hydrino hydride ions may be produced by a K 7 CO y electrolytic cell 
5 hydride reactor which was used to prepare crystal samples for TGA/DTA. 
The hydrino hydride compounds were purified from solution wherein the 
ATjCOj electrolyte was acidified with NNO y before crysials were 
precipitated on a crystallization dish. 

10 Sample Jfl. A reference comprised 99.999% KNO y 

Sample tf2. The sample was prepared by acidifying the K,CO, 
electrolyte from the BLP Electrolytic Cell with HNO^ and concentrating 
the acidified solution until yellow-white crystals formed on standing at 
15 room temperature. XPS (XPS sample #5), mass spectroscopy of a similar 
sample (mass spectroscopy electrolytic cell sample #3), TOFSiMS 
(TOPS I MS sample #6), and TGA/DTA (TGA/DTA sample #2) was also 
performed. 

2 0 1 3 J 2.2 Thermal Gravimetric Analysis (TGA) and Differential Thermal 

Analysis (DTA) 

Experimental and control samples were analyzed blindly by TA 
Instruments. New castle, DE. The instrument was a 2050TGA, V 5.3 B. 

2 5 The module was a TGA 1000 °C. A platinum pan was used to handle each 

sample of size 3.5-3.75 g. The method was TG-MS. The heating rate was 
10 °C/min. The carrier gas to the mass spectrometer (MS) was nitrogen 
gas at a rate of 100 ml/min. The sampling rn!e was 2.0 scc/pi. 

: *° 13.12.3 Results and Discussion 

The slacked TGA results of I.) the reference comprising 99.999% 
KNO. (TGA/DTA sample tfl) 2.) crystals from the yellow-white crystals 
that formed on the outer edge of a crystallization dish from the acidified 

3 5 electrolyte of the K,CO, Thermacore Electrolytic Cell (TGA/DTA sample 

#2) are shown in FIGURE 75. The identifiable peaks of each TGA run are 
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indie a led. For the control, features were observed at 656 °C (65 mins.) 
and 752 °C (72.5 mins.). These feature were also observed for sample W2. 
In addition, sample #2 contained novel features at 465 °C (45.5 mins.), 
708 °C (68 mins.), and 759 °C (75 mins.) which are indicated in FIGURES 
5 75. 

The stacked DTA results of i.) the reference (TGA/DTA sample ffl) 
2.) TGA/DTA sample #2 are shown in FIGURE 76. The identifiable peaks 
of each DTA run are indicated. For the control, features were observed at 
136 °C. 337 °C t 723 »C\ 900 °C, and 972 °C. The 136 °C and 337 °C features 
1 0 were also observed for sample #2. However, for temperatures above 333 
°C. a novel differentia) thermogram was observed for sample #2. Novel 
features appeared ai 692 °C, 854 °C. and 957 °C which are indicated in 
FIGURE 76. 

The novel TGA and DTA peaks without identifying assignment 

1 5 correspond to and identify hydrino hydride compounds, according to the 

present invention. 

1 3.13 Identification of Hydrino Hydride Compoun<ts_bv__ **K Nuclear 
Magnetic Resonance (N M R) Sp ect roscop y 

20 

NMR can distinguish whether a new potassium compound is 
present as a component of a mixture with a known compound based on a 
different chemical shift of the new compound relative to that of the 
known. In the event that 39 K exchange occurs, a chemical shift of the 

2 5 NMR peak will be observed which is intermediate between thai of the 

standard and the compound of interest. Hydrino hydride compounds 
have been observed by methods such as XPS, mass spectroscopy, and 
TOFS1MS as described in the corresponding sections. In the case of the 
electrolytic cell, the electrolyte was pure KXO y . Thus, the possibility of 

3 0 using **K NMR was explored to identify potassium hydrino hydride 

formed during the operation of the electrolytic hydimo hydride reactor. 

Identification was based on a *K NMR chemical shift relative to that of 
the starling material K 3 CO y . 

3 5 13.13.1 Sample Collection and Preparation 
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A reaction for preparing potassium hydrino hydride ion containing 
compounds is given by Fqs. (3-5) and 0q. (8). Hydrino atoms which read 
to form hydrino hydride ions may be produced by an K^CO x electrolytic 

cell hydride reactor which was used to prepare crystal samples for ?9 K 
5 NMR spectroscopy- The hydrino hydride compounds weie collected 
directly. 

Sample HI. The sample was prepared by concentrating 300 cc of 
the K 7 CO y electrolyte from the BLP Electrolytic Cell using a rotary * 

1 0 evaporator at 50 °C until a precipitate just formed. The volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 
until the crystals disappeared. Crystals were then grown over three 
weeks "by allowing the saturated solution to stand in a scaled round 
bottom flask for three weeks at 25°C The yield was 1 g. XPS (XPS 

1 5 sample #7). TOPSIMS (TOPSIMS sample «8) f Raman spectroscopy (Raman 

sample #4), and ES1TOFMS (ESITOFMS sample tf3) were also obtained. 

Sample 112. A reference comprised 99.999% K ? CCV 

2 0 13.13.2 "K Nuclear Magnetic Resonance (NMR) Spectroscopy 

Samples were sent to Spectral Data Services, Champaign, Illinois. 
59 /C NMR was performed in l\Q solution on a Tccmag 360-1 instrument. 

Final pulse generation was from a ATM amplifier. The NMR 

2 5 frequency was 16.9543 MHz. A 35 //sec pulse corresponding to a 45° 

pulse length and a 1 second recycle delay were used. The window was 
±\kH>. The number of scans was 100. Chemical shifts were referenced to 
KBr(Dy) at 0.00 ppm. The offset was -150.4 H?.. 

3 0 13.13.3 Results and Discussion 

A single intense i9 K NMR peak was observed in the spectra of 
sample #1 and sample #2. The results are given in TABLE 43 with 
peak assignments. A '*K NMR chemical shift was observed for 
3 5 sample #1 relative lo the starting material, sample ttl which was 
significant compared to typical ™K NMR chemical shifts. The 
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presence of one peak in the spectrum of sample tfl indicates that 
exchange occurred. To provide the observed peak shifl, a new 
potassium compound was present. The *K NMR chemical shift 
corresponds \o and identifies potassium hydrino hydride, according 
to the present invention. The assignment of potassium hydrino 
hydride compounds was confirmed by XPS (XPS sample «7)> TOFS1MS 
(TOPS IMS sample #8). Raman spectroscopy (Raman sample #4), mass 
spectroscopy (FIGURE 63), and ESITOFMS (ESITOFMS sample «3) 
described in the corresponding sections. 

TABLE 43. The "K NMR peaks of sample ill and U2 with meir 



Sample 


Shift 


Assignment 


Number 


(ppm) 




1 


-0.80 


/C,CO, shllied by 






potassium nydrino 






hydride compound 


2 


4 1 24 


• 
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CLAIMS 



I 0 



1. A compound comprising 

(a) at least one neutral, positive, or negative increased binding 
energy hydrogen species having a binding energy 

(i) greaier than the binding energy of ihe corresponding 
ordinary hydrogen species, or 

(ii) greaier than the binding energy of any hydrogen species 
for which the corresponding ordinary hydrogen species is unstable or is 
not observed because the ordinary hydrogen species' binding energy is 
less than thermal energies or is negative; and 

(b) at least one other element. 



! S 



2. 



A compound of claim \ wherein the increased binding energy 
hydrogen species is selected from the group consisting or H. jr. and // 
where n is nn integer from one to three. 



20 



25 



3. A compound of claim 1 wherein the increased binding energy 

hydrogen species is selected from the group consisting of (a) hydride ion 

having a binding energy greater than about 0.K cV; (b) hydrogen atom 

having a binding energy greaier than about 13.6 eV; (c) hydrogen 

molecule having a first binding energy grater than about 15.5 eV; and (d) 

molecular hydrogen ion having a binding energy greater than about 16.4 
eV. 

4 A compound of claim 3 wherein the increased binding energy 
hydrogen species is a hydride ion having a binding energy of about either 
of 3, 7. 11, 17, 23, 29. 36. 43. 49. 55. 61. 66. 69. 71 or 72 eV. 



30 



5. A compound of claim 4 wherein the increased binding 
hydrogen species is a hydride ion having the binding energy 



energy 



Binding Energy ~ 



ny Q c 7 h 2 



> n ,°o 



1 + — 



* I p J J 
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where p is an iniegcr greater ihan one, 5=1/2, jt is pi, h is Planck's 
constant bar, //^ is the permeability of vacuum, m r is the mass of the 
electron, //, is the reduced electron mass, a 9 is the Bohr radius, and e is 
the elementary charge. 

6. A compound of claim 1 wherein the increased binding energy 
hydrogen species is selected from the group consisting of 



(a) a hydrogen atom having a binding energy of about 



where p is an integer. 



13.6 eV 



(;)' 



(b) an increased binding energy hydride ion (H ) having a binding 



energy of about f* ? V^-M) 



i + 4*5 + 1 j 



\ 



1 + ^5(5 * ijl 

r J J 



where 



j = 1/2. 7T is pi, h is Planck's constant bar. n n is the permeability of 
vacuum, ™ is the mass of the electron. \i r is the reduced electron mass. a n 
is the Bohr radius, and e is the elementary charge; 

(c) an increased binding energy hydrogen species //;(!/ p); 

(d) an increased binding energy hydrogen species irihydrino 
molecular ion, H\{\f p), having a binding energy of about — <,y where p 



13 



is an integer, 

(c) an increased binding energy hydrogen molecule having a 
binding energy of about e y ; an( j 



(-:) 



(0 an increased binding energy hydrogen molecular ion with a 
binding energy of about —~ ?v. 

(iJ 



7. A compound of claim 6 wherein p is from 2 to 200. 
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8. A compound of claim I which is greater than 50 atomic percent 
pure. 

9. A compound of claim 8 which is greater than 90 atomic percent 
pure. 

10. A compound of claim 9 which is greater than 98 atomic percent 
pure. 

11. A compound of claim 1 wherein said increased binding energy 
hydrogen species is negative. 

12. *A compound of claim II comprising at least one cation. 

13. A compound of claim 12 wherein the cation is a proton, /y x \ //;(!/ p). 

//;(!/ p). or //; 



14. A compound of claim 1 wherein the other element is an ordinary 
hydrogen atom or an ordinary hydrogen molecule. 

15. A compound of claim 3 having a formula selected from the group of 
formulae consisting of MM, MW2, and M2H7 wherein M is an alkali cation 
and H is selected from the group consisting of an increased binding 
energy hydride ion and an increased binding energy hydrogen atom. 

16. A compound of claim 3 having a formula MH n wherein n is 1 or 2, 
M is an alkaline earth cation and H is selected from the group consisting 
of said increased binding energy hydride ion and said increased binding 
energy hydrogen atom. 

17. A compound of claim 3 having a formula MUX wherein M is an 
alkali cation. X is one of a neutral atom, a molecule, or a singly negatively 
charged anion, and H is selected from the group consisting of said 
increased binding energy hydride ion and said increased binding energy 
hydrogen atom. 
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18. A compound of claim 3 having a formula MUX wherein M is an 
alkaline canh cation, X is a single negatively charged anion, and H is 
selected from the group consisting of said increased binding energy 

5 hydride ion and said increased binding energy hydrogen atom. 

19. A compound of claim 3 having a formula MUX wherein M is an 
alkaline earth cation, X is a doubly negatively charged anion, and H is 
said increased binding energy hydrogen atom. 

10 

20. A compound of claim 3 having a formula M 2 HX wherein Ml is an 
alkali cation, X is a singly negatively charged anion, and H is selected 
from rhe group consisting of an increased binding energy hydride ion and 
an increased binding energy hydrogen atom. 

1 5 

21. A compound of claim 1 having a formula MH n wherein n is on 
integer from I to 5, M is an alkaline cation and the hydrogen content ll n 
of the compound comprises at least one said increased binding eneroy 
hydrogen species. 

2 0 

22. A compound of claim 1 having a formula M?H n wherein n is an 
integer from I to 4, M is an alkaline earth cation and the hydrogen 
content M n of the compound comprises at least one said increased binding 
energy hydrogen species. 

25 

23. A compound of claim 1 having a formula M 2 XH n wherein n is an 
integer from I to 3, M is an alkaline earth cation, X is a singly negatively 
charged anion, and the hydrogen content H„ of the compound comprises 
at least one said increased binding energy hydrogen species 

30 

24. A compound of claim I having a formula MjXiH, wherein n is 1 or 
2, M is an alkaline earth cation, X is a singly negatively charged anion, 
and the hydrogen content H n of the compound comprises at least one said 
increased binding energy hydrogen species. 

35 

25. A compound of claim 1 having a formula M 2 X 3 H wherein M is an 
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alkaline earth cation, X is a singly negatively charged anion, and H is 
selected from the group consisting of an increased binding energy 
hydride ion and an increased binding energy hydrogen atom. 

5 26. A compound of claim I having a formula M 2 XH„ wherein n is I or 2, 
M is an alkaline earth cation, X is a double negatively charged anion, and 
the hydrogen content H n of the compound comprises at least one said 
increased binding energy hydrogen species. 

10 27. A compound of claim 3 having a formula M 2 XX*H wherein M is an 
alkaline earth canon, X is a singly negatively charged anion, X* is a double 
negatively charged anion, and H is selected from the group consisting of 
an increased binding energy hydride ion and an increased binding energy 
hydrogen atom. 

I 5 

28. A compound of claim I having a formula MM'H 0 wherein n is an 
integer from I to 3, M is an alkaline earth cation, JvT is an alkali metal 
cation and the hydrogen content H B of the compound comprises at least 
one said increased binding energy hydrogen species. 

20 

29. A compound of claim I having a formula MM'XH„ wherein n is 1 or 
2, M is an alkaline earth cation, M' is an alkali metal cation. X is a singly 
negatively charged anion and the hydrogen content H n of the compound 
comprises at least one said increased binding energy hydrogen species 

25 

30. A compound of claim 3 having a formula MM'XH wherein M is an 
alkaline earth cation, M* is an alkali metal cation, X is a double negatively 
charged anion and H is selected from the o roup consisting of an increased 
binding energy hydride ion and an increased binding energy hydrogen 

30 atom. 

31. A compound of claim 3 having a formula MM'XX'H wherein M is an 
alkaline earth cation, M' is an alkali metal cation, X and X' are sinsly 
negatively charged anion and H is selected from the group consisting of 

3 5 an increased binding energy hydride ion and an increased binding energy 
hydrogen atom. 
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32. A compound of claim ] having a formula H n S wherein n is 1 or 2 
and the hydrogen conleni H ft of the compound comprises at least one said 
increased binding energy hydrogen species. 

5 

33. A compound of claim I having a formula MXX'H n wherein 

n is an integer from 1 to 5 f 
M is an alkali or alkaline earth cation, 
X is a singly or double negatively charged anion, 
10 X* is selected from the group consisting of Si, Al, Ni. a 

transition clement, an inner transition element, and a rare earth element. 

and 

the hydrogen content H„ of ihe compound comprises at least 
one said increased binding energy hydrogen species. 

15 

34. A compound of claim 1 having a formula MA!H„ wherein n is an 
integer from I lo 6, M is an alkali or alkaline earth cation and ihe 
hydrogen content H„ of ihe compound comprises at least one said 
increased binding energy hydrogen species. 

20 

35. A compound of claim 1 having a formula MH n wherein 

n is an integer from 1 to 6, 

M is selected from a group consisting of a transition element, 
an inner transition clement, a rare earth clement, and Ni, and 
25 ,he hydrogen content II n of the compound comprises at least 

one said increased binding energy hydrogen species. 

36. A compound of claim 1 having a formula MNiH n wherein 

n is an integer from I to 6, 
30 M is selected from a group consisting of an alkali cation, 

alkaline earth cation, silicon, and aluminum, and 

the hydrogen content \\ n of the compound comprises at least 
one said increased binding energy hydrogen species. 

3 5 37. A compound of claim I having a formula MXH n wherein 

n is an integer from 1 to 6. 
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M is selected from a group consisting of an alkali cation, 
alkaline earth cation, silicon, or aluminum, 

X is selected from a group consisting of a transition element, 
inner transition element, and a rare earth clement cation, and 
5 the hydrogen content H n of the compound comprises at least 

one said increased binding energy hydrogen species. 

38. A compound of claim 1 or 2 having a formula MXAlX'H n wherein n 
is I or 2, M is an alkali or alkaline earth cation, X and X' arc either a 

10 singly negatively charged anion or a double negatively charged anion, 
and the hydrogen content H B of the compound comprises at least one 
increased binding energy hydrogen species. 

39. A compound of claim 1 having a formula TiH n wherein n is an 

1 5 integer from 1 to 4, and the hydrogen content M n of the compound 

comprises at least one said increased binding energy hydrogen species. 

40. A compound of claim I having a formula AI ? H„ wherein n is an 
integer from 1 to 4, and the hydrogen content H n of the compound 

2 0 comprises at least one said increased binding energy hydrogen species. 

41. A compound of clahn J7> 18, 20, 23, 24. 25, 27, 29. 31, 33, or 38 
wherein said singly negatively charged anion is selected from the group 
consisting of a halogen ion, a hydroxide ion, a hydrogen carbonate ion. 

2 5 and a nitrate ion. 

42. A compound of claim 19, 26, 27, 30, 33, or 38 wherein said doubly 
negative charged anion is selected from the group consisting of a 
carbonate ion, an oxide, and a sulfate ion. 

30 

43. A compound of claim I having a formula \KH„KCO } I wherein m and 
n are each an integer and the hydrogen content H„ of the compound 
comprises at least one said increased binding energy hydrogen species. 

3 5 44. A compound of claim 1 having a formula [KH^KNO^ nX' wherein m 
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and n are each an integer, X is a singly negatively charged anion, and the 
hydrogen content H„ of the compound comprises ai least one said 
increased binding energy hydrogen species. 

45. A compound of clnim 1 having a formula [KHKNO^ wherein n is an 
integer and the hydrogen content // of the compound comprises at least 
one said increased binding energy hydrogen species. 

* 

46. A compound of claim 1 having a formula \KHKOH\ wherein n is an 
integer and the hydrogen content // of the compound comprises at least 
one said increased binding energy hydrogen species. 

47. A compound of claim 1 having a formula X\ wherein n, and 
n are each an integer, M and M' are each an alkali or alkaline earth 
cation. X is a singly or double negatively charged anion, and the hydrogen 
content //„ of the compound comprises at least one said increased binding 
energy hydrogen species. 

48. A compound of claim I having a formula [MH m hf nX~ wherein m 
and n are each an integer. M and M' are each an alkali or alkaline earth 
cation. X and X' are a singly or double negatively charged anion, and the 
hydrogen content H„ of the compound comprises at least one said 
increased binding energy hydrogen species. 

49. A compound of claim 44. 47. or 48 wherein said singly negatively 
charged anion is selected from the group consisting of halogen ion. 
hydroxide ion. hydrogen carbonate ion. and nitrate ion. 

50. A compound of claim 47 or 48 wherein said doubly negative 
charged anion is selected from the group consisting-of carbonate ion 
oxide, and sulfate ion. 

51. A compound of claim I having a formula MXSiX'H. wherein n is 1 
or 2. M is an alkali or alkaline earth cation. X and X' are either a singly 
ncgat.vcly charged anion or a double negatively charged anion, and the 
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hydrogen content H„ of the compound comprises at least one said 
increased binding energy hydrogen species. 

52. A compound of claim ! having a formula MSil! D wherein n is an 
5 integer from I to 6, M is an alkali or alkaline earth cation, and the 

hydrogen content H„ of the compound comprises at least one said 
increased binding energy hydrogen species. 

53. A compound of claim 1 having a formula Si„H„ n wherein n is an 

10 integer and the hydrogen content H«„ of the compound comprises at least 
one said increased binding energy hydrogen species. 

54. A compound of claim I having a formula Si n H 3 „ wherein n is an 
integer and the hydrogen content H> n of the compound comprises at least 

1 5 one said increased binding energy hydrogen species. 

55. A compound of claim I having a formula Si„H 3 „O m wherem n and m 
are integers and the hydrogen content H 3n of the compound comprises at 
least one said increased binding energy hydrogen species 

20 

56. A compound of claim 1 having a formula Si.t/,,.,,0, wherein x and y 
are each an integer and the hydrogen content H«,. 2y of the compound 
comprises at lease one said increased binding energy hydrogen species. 

2 5 57. A compound of claim I having a formula Si t H t ,0, wherein k and y 

are each an integer and the hydrogen content H<, of the compound 
comprises at least one said increased binding energy hydrogen species. 

58. A compound of claim I having a formula S/„W,.-W,0 wherein n is an 
30. integer and the hydrogen content H, n of the compound comprises at least 

one said increased binding energy hydrogen species. 

59. A compound of claim I having a formula Si.H 7 „, wherein n is an 
integer and the hydrogen content H 2n . 7 of the compound comprises at 

3 5 least one said increased binding energy hydrogen species. 
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60. A compound of claim 1 having a formula Si s H u ^O t wherein x and y 
are each an integer and the hydrogen content H 2x42 of the compound 
comprises at least one said increased binding energy hydrogen species. 

5 61. A compound of claim J having a formula SiJf^O wherein n is an 
integer and the hydrogen content H, D ._> of the compound comprises ai 
least one said increased binding energy hydrogen species. 

62. A compound of claim 1 having a formula MSiJ1 XOn O m wherein n is an 

1 0 integer, M is an alkali or alkaline earth cation, and the hydrogen content 

H !0 n of the compound comprises at least one increased binding energy 
hydrogen species. 

63. A compound of claim 1 having a formula MSi 4 JI l0m O^ t wherein n is 
15 an integer, M is an alkali or alkaline earth cation, and the hydrogen 

content H l0 „ of the compound comprises at least one said increased 
binding energy hydrogen species. 

64. A compound of claim I having a formula M q SiJi m9 O p wherein q. n. m, 

2 0 and p arc integers, M is an alkali or alkaline earth cation, and the 

hydrogen content H m of the compound comprises at least one said 
increased binding energy hydrogen species. 

65. A compound of claim I having a formula M q SiJi m wherein q, n, and 
2 5 m are integers, M is an alkali or alkaline earth cation, and the hydrogen 

content H m of the compound comprises at least one said increased binding 
energy hydrogen species. 



30 



66. A compound of claim I having a formula SUi mt O ft wherein n. m. and 
p are integers, and the hydrogen content H m of the compound comprises 
at least one said increased binding energy hydrogen species. 



67. A compound of claim I having a formula Siji m wherein n, and m 
are integers, and the hydrogen content H m of the compound comprises at 
3 5 least one said increased binding energy hydrogen species. 
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68. A compound of claim 1 having a formula MSiH, xvhercin n is an 
integer from I lo 8, M is an alkali or alkaline earth caiion. and die 
hydrogen content H n of the compound comprises al least one said 
increased binding energy hydrogen species. 

5 

69. A compound of claim 1 having a formula Si 2 H„ wherein n is an 
integer from 1 to 8. and the hydrogen content H. of the compound 
comprises at least one increased binding energy hydrogen species. 

10 70. A compound of claim 1 having a formula SiH„ wherein n is an 
integer from 1 to 8. and the hydrogen content H„ of the compound 
comprises at least one increased binding energy hydrogen species. 

71. A compound of claim I having a formula Si0 2 M„ wherein n is an 

1 5 integer from I lo 6. and the hydrogen content H„ of the compound 

comprises at least one said increased binding energy hydrogen species. 

72. A compound of claim 1 having a formula MSiOjH, wherein n is an 
integer from I to 6, M is an alkali or alkaline earth cation, and the 

2 0 hydrogen content H„ of the compound comprises at least one said 

increased binding energy hydrogen species. 

73. A compound of claim 1 having a formula MSi,H n wherein n is an 
integer from I to 14, M is an alkali or alkaline earth cation, and the 

2 5 hydrogen content H„ of the compound comprises at least one said 

increased binding energy hydrogen species. 

74. A compound of claim I having a formula M,SiH r wherein n is an 
integer from I to 8. M is an alkali or alkaline earth cation, and the 

3 0 hydrogen content }|„ of the compound comprises at least one said 

increased -binding energy hydrogen species. 

75. A compound of claim 51 wherein said singly negatively charged 
anion is selected from the group consisting of a halogen ion. a hydroxide 

3 5 ion. a hydrogen carbonate ion. and a nitrate ion. 
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76. A compound of claim 51 wherein said doubly negative charged 
anion is selected from the group consisting of a carbonate ion, an oxide, 
and a sulfate ion. 



5 77. A compound of claim I having an observed characteristic different 
from that of the corresponding ordinary compound wherein the hydrogen 
content is only ordinary hydrogen, said observed characteristic beins 
dependent on the increased binding energy hydrogen species. 

1 0 78. A compound of claim 77 wherein the observed characteristic is 
at least one of stoichiomeiry, thermal stability, and reactivity. 

79. A method for preparing a compound comprising 

(a) at least one neutral, positive, or negative increased bindins 

1 5 energy hydrogen species having a binding energy 

(i) greater than the binding energy of the corresponding 
ordinary hydrogen species, or 

(ii) greater than the binding energy of any hydrogen species 
for which the corresponding ordinary hydrogen species is unstable or is 

2 0 not observed because the ordinary hydrogen species" binding energy is 

less than thermal energies or is negative; and 

(b) at least one other element, 
said method comprising; 

(a) reacting atomic hydrogen with a catalyst having a net 
2 5 enthalpy of reaction of at least m/2-27 eV, where m is an integer, to 

produce atomic hydrogen having a binding energy of about where 



(;)' 



p is an integer greater than I, 

(b) reacting said produced atomic hydrogen with an electron. 
_ to produce a hydride ion having a binding energy greater than 0.8 eV, 



30 and 



(c) reacting said produced hydride ion with one or more 
cations, thereby producing said compound. 



80. A method of claim 79 wherein m is from 2 to 400 and p is from 2 
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81. A method of preparing increased binding energy hydrogen 
molecules comprising reacting protons with a compound comprising an 

5 increased binding energy hydride ion. 

82. A method of preparing increased binding energy hydrogen 
molecules comprising thermally or chemically decomposing a compound 
comprising an increased binding energy hydride ion. 

10 

8 3. A method of claim 79 wherein step (b) occurs in an electrolytic cell 
having a cathode and a reducing reagent for reducing said produced 
atomic hydrogen, and step (b) comprises contacting said produced atomic 
hydrogen with said cathode or said reducing reagent. 

1 5 

84. A method of claim 79 wherein step (b) occurs in a gas cell 
containing a reducing reagent for reducing said produced atomic 
hydrogen, and step (b) comprises contacting said produced atomic 
hydrogen with said reducing reagent. 

20 

85. A method of claim 79 wherein step (b) occurs in n gas discharge cell 
having a cathode, plasma electrons, and a reducing reagent for reducing 
said produced atomic hydrogen, and s:ep (b) comprises contacting said 
produced atomic hydrogen with said cathode, sard reducing reagent, or 

2 5 said plasma electrons. 

86. A method of claim 83, 84, or 85 wherein said reducing reagent is 
selected from the group consisting of the material of the cell, components 
of the cell, or a reductant extraneous to the operation of the cell. 

30 

87. A method of claim 79 wherein step (c) occurs in an electrolytic cell 
and the cation is an oxidized species of the cell cathode or anode, a cation 
of an added reductant extraneous to the cell, or a cation of the electrolyte 
in the cell. 

35 

88. A method of claim 87 wherein the cation of the electrolyte is a 



WO 99/05735 



rcnYUS98/14029 



248 

cation of (he catalyst. 

89. A method of claim 79 wherein step (c) occurs in a gas cell and the 
cation is an oxidized species of the material of the cell, a cation of a 

5 molecular hydrogen dissociation materia! which produces the atomic 
hydrogen in the cell, a cation of an added reductant extraneous to the 
cell, or a cation of the catalyst in the cell. 

90. A method of claim 79 wherein step (c) occurs in a gas discharge cell 
1 0 and the cation is an oxidized species of the material of the eel) cathode or 

anode, a cation of an added reductant extraneous to the cell, or a cation of 
ihe catalyst in the cell. 

91. A method of claim 79 wherein step (c) occurs in a plasma torch cell 

1 5 and the cation is an oxidized species of the material of the cell, a cation of 

an added reductant extraneous to the cell, or a cation of the catalyst in 
the cell. 

92. A dopant comprising 

2 ® a! teasi one neutral, positive, or negative increased binding 

energy hydrogen species and 

at least one other clement. 

93. A thermionic cathode doped with an increased binding energy 

2 5 hydrogen compound, said doped thermionic cathode having a voltage 

different from the undoped cathode starting material. 

94. A doped thermionic cathode of claim 93 having a higher voha°e 
than the undoped cathode starting material. 

30 

95. A doped thermionic cathode of claim 93 wherein the undoped 
cathode starling material is a metal. 



96. A doped thermionic cathode of claim 93 wherein the undoped 
cathode starting material is tungsten, molybdenum, or oxide thereof. 
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97. A doped thermionic cathode of claim 93 wherein ihe compound 
comprises increased binding energy hydride ion. 

98. A doped thermionic cathode of claim 95 wherein ihc metal has 
5 been doped with increased binding energy hydride ions by ion 

implantation, epitaxy, or vacuum deposition to form the thermionic 
cathode. 

99. A semiconductor doped with an increased binding energy hydrogen 
) 0 compound, said semiconductor having an altered band gap relative to the 

undoped semiconductor starting material. 

100. A doped semiconductor of claim 99 wherein the undoped starting 
material is an ordinary semiconductor, an ordinary doped semiconductor, 

1 5 or an ordinary dopant. 

101. A doped semiconductor of claim 100 wherein the semiconductor, 
ordinary doped semiconductor, or dopant starting material is selected 
from the group consisting of silicon, germanium, gallium, indium, arsenic, 

2 0 phosphorous, antimony, boron, aluminum, Group 111 elements. Group IV 

elements, and Group V elements. 

102. A doped semiconductor of claim 101 wherein the dopant or dopant 
component comprises an increased binding energy hydride ion. 

25 

103. A doped semiconductor of claim 101 wherein the semiconductor or 
dopant starling materia! has been doped with increased binding energy 
hydride ions by ion implantation, epitaxy, or vacuum deposition. 

'3 0 104. A compound comprising 

at least one increased binding energy hydride jon wiih a 
binding energy of about 0.65 eV and 

at least one other element. 

3 5 105. A method for preparing an increased binding energy hydrogen 

compound comprising a hydride ion having a binding energy of about 
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0.65 cV, the mcihod comprising the steps of: 

supplying increased binding energy hydrogen atoms, 
reacting said hydrogen atoms with a first reductant, thereby 
forming at least one stable hydride ion having a binding energy greater 
5 than 0.8 cV and at least one non-reactive atomic hydrogen. 

collectmg the non-reactive atomic hydrogen, and reacting the non- 
reactive atomic hydrogen with a second reductant, thereby forming 
stable hydride ions having a binding energy of about 0.65 eV; and 
reacting said produced hydride ion with one or more cations, thereby 
10 producing said compound. 

106. A method of claim 105 wherein the first reductant has a high work 
function or a positive free energy of reaction with the non-rcacttvc 
atomic hydrogen. 

1 5 

107. A method of claim 105 wherein the first reductant is a metal, other 
than an alknli or alkaline earth metal. 

108. A method of claim 107 wherein the metal is tungsten. 

109. A method of claim 105 wherein the second reductant comprises an 
alkali or alkaline earth metal. 

110. A method of claim 105 wherein the second reductant comprises a 

2 5 plasma. 

111. A method for the explosive release of energy comprising reacting 
an increased binding energy hydrogen compound comprising a hydride 
ion having a binding energy 0 f about 0.65 eV with a proton, thereby 

30 producing a molecular hydrogen having a first bindino energy of about 
8,928 eV. 

112. A method of claim 111 wherein the proton is supplied by an acid or 
a super-acid. 



20 
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113. A method of claim 112 wherein the acid or super acid is selected 
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from the group consisting of HT\ HCU H 2 S0 4 . HNO,, the reaction product of 
HF and SbF s , ihc reaction product of HCI and AI 2 Q 6t the reaction product 
of H ? S0 3 F and SbF Sf or the reaction product of H,S0 4 and SO ?l and 
combinations thereof. 

5 

114. A method of claim 112 wherein the reaction is initiated by rapid 
mixing of the compound with the acid or super acid. 

115. A method of claim 114 wherein the rapid mixing is achieved by 

) 0 detonation of a conventional explosive proximal to the compound and the 
acid or super-acid. 

116. W method for the explosive release of energy comprising thermally 
decomposing an increased binding energy hydrogen compound 

15 comprising a hydride ion having a binding energy of about 0.65 cV. 

thereby producing a hydrogen molecule having a first bindine energy of 
about 8,928 cV. 



25 
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117. A method of claim 116 wherein the step of thermally decornposin 
2 0 is achieved by detonating a conventional explosive proximal to the 

compound. 

118. A method of claim 115 wherein the step of thermally decomposing 
is achieved by percussion heating of the compound. 



119. A method of claim 117 wherein the percussion heating is achieved 
by colliding a projectile tipped with the compound under conditions 
resulting in detonation upon impact. 



J 20. A method of releasing energy comprising thermally decomposing or 
chemically reacting at least one of the following reactants 

(1) increased binding energy hydrogen compound; 

(2) increased binding energy hydrogen atom; and 

(3) increased binding energy hydrogen molecule 
3 5 thereby producing at least one of 

(a) an increased binding energy hydrogen compound with a 
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different s'oichiomctry than a rcactant increased binding energy 
hydrogen compound, 

(b) an increased binding energy hydrogen compound having 
the same stoichiomctry as a reaciam increased binding energy hydrogen 

5 compound, but comprising one or more increased binding energy species 
that have a higher binding energy than the corresponding species of the 
rcactani(s), 

(c) an increased binding energy hydrogen atom, 

(d) an increased binding energy hydrogen molecule having a 
JO higher binding energy than a rcactant increased binding energy 

hydrogen molecule, or 

(e) an increased binding energy hydrogen atom having a 
higher- binding energy than the rcactant increased binding energy 
hydrogen atom. 

1 5 

121. A reactor for preparing a compound comprising 

(a) at least one neutral, positive, or negative increased binding 
energy hydrogen species having a binding energy 

(i) greater than the binding energy of the corresponding 

2 0 ordinary hydrogen species, or 

(ii) greater than the hinding energy of any hydrogen species 
for which ihe corresponding ordinary hydrogen species is unstable or is 
not observed because the ordinary hydrogen species' binding energy is 
less than thermal energies or is negative; and 

2 5 (b) at Icasi one other clement, 

said reactor comprising: 
a vessel containing 

an electron source and 

a source of increased binding energy hydrogen atoms having 

3 0 a binding energy of about where p is an integer greater than 1, 

whereby electrons from said electron source react with increased 
binding energy hydrogen atoms from said source in said vessel thereby 
producing said compounds. 
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122, A reactor of claim 121 wherein the increased binding energy 
hydrogen species is a hydride ion having a binding energy greater than 
about 0.8 eV. 



5 123. A reactor of claim 121 or 122 wherein said source of increased 

binding energy hydrogen atoms is a hydrogen catalysis cell selected from 
a group consisting of an electrolytic cell, a gas ceil, a gas discharge cell, 
and a plasma torch cell. 

10 124. A reactor of claim 123 wherein said hydrogen catalysis cell 
comprises 

a second vessel containing 

n source of atomic hydrogen; 

at least one of a solid, molten, liquid, or gaseous catalyst 
1 5 having a net enthalpy of reaction of at least m/2*27 eV, where m is an 
integer. 

whereby the hydrogen atoms react with the catalyst in the second 
vessel thereby producing a hydrogen atom having a bindinp energy of 
aoout - y - where p is an integer greater than I. 



20 
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125. A battery comprising 

a cathode and a cathode compartment containing as an 
oxidant a compound comprising at least one neutral, positive, or negative 
increased binding energy hydrogen species, and at least one other 
2 5 element; 

an anode and an anode compartment containing a rcductant; 

and 

a salt bridge completing a circuit between the cathode 
compartment and the anode compartment. 



126. A battery according to claim 125 wherein the increased bindin; 
energy hydrogen species comprises an increased binding energy hydride 



ion. 
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127. A battery of claim 126 wherein said oxidant comprises n cation AT\ 
where n is an integer, bound to at least one increased binding energy 
hydride ion such that the binding energy of the cation M { " 1)1 is less than 
the binding energy of the increased binding energy hydride ion. 

5 

128. A battery of claim 126 wherein said oxidant comprises a cation and 
an increased binding energy hydride ion selected such that the hydride 
ion is not oxidized by the cation. 

10 129. A battery of claim 126 wherein said oxidant is represented by the 
formula M n% H wherein AT* is a cation and n is an integer, and 

re P rc$cn!s au mcrcasc( ) binding energy hydride ion where p is an 

integer greater than 1 and where hydride ion is selected such that its 
binding energy is greater than the binding energy of the caiion A# c " fc,, \ 



I 5 



20 



130. A battery of claim 128 wherein said oxidant comprises a stable 
cation-hydride ion compound, wherein the reduction potential of the 
cathode half reaction of the battery is determined by the binding 
energies of the cation and (he hydride ion of the oxidant. 



131. A battery of claim 130 wherein said oxidant is an increased binding 
energy hydrogen compound comprising an increased binding energy 
hydrogen molecular ion bound to an increased binding energy hydride 
ion where the hydride ion is selected such that its binding energy is 

2 5 greater than the binding energy of the reduced increased binding energy 
hydrogen molecular ion. 

132. A banery of claim 131 wherein said oxidant is the compound 

represented by the formula IK 2c = - 2 ^ /r(l/p') B where H\ 2c =^1 

'IPS I Pi 

30 represents a hydrogen molecular ion and H'[\t p) represents on 

increased binding energy hydride ion where p is 2 and P % is selected 

from the group consisting of 13. 14, 15. 16, 17, 18, or 19. 
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133 A bauery of claim 130 wherein said oxidant has .he formula 
He [H (U p)) y where p is from 11 to 20. 

< rl"/,J* b *rt ry ° f Cl3im WhCfCin Saki OXit]an, h3S ,he 

5 Fe [U (l/p)) i where p is from 1 1 to 20. 

135. A battery of claim 126 wherein the increased binclin- eneroy 
hydr.de ,on completes the circuit during the battery operation by 
m.gratmg from the cathode compartment to the anode compartment 

10 through the salt bridge. 

136. A battery of claim 126 wherein the sal, bridge comprises at least 
one of an anion conducting membrane or an anion conductor. 

1 5 lelv, A b T e 7 ° f , C,aim 136 Whcre5 " ,hc Sah br,l, S e is f«™«l ^om a 

/-eoJ.te; a lanthamde boride % where M is a lanthanide; or an alkaline 

earth boride ,VT/? t where M is an alkaline canh. 

138 A battery of claim 126 wherein the cathode compartment contains 

2 0 a reduced oxidant and the anode compartment contains an oxidized 

reducan, and an ion capable of migrating from lhc ano(Jc compar|men| 

to the cathode compartment to complete the circuit whereby said battery 
is rechargeable. 

2 5 139. A battery of claim 138 wherein the ion capable of migrating is the 
increased binding energy hydride ion. 



30 



M0. A bauery of claim 138 wherein the oxidant compound is capable of 
bemg generated by the application of a voltage to the battery. 

111. A battery of claim 140 wherein the voltage is from about one volt 
to about 100 volts per cell. 

142. A battery of claim 138 wherein the oxidant is represented by the 
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formula M " /r ^~j w »erc an increased binding energy hydride 

ion where p is an integer greater than 1 and AT 4 is a cation selected such 
that the n-th ionization energy IP m of formation of the cation M a * from 

ihe cation M { *~ i} \ where n is an integer, is less than the binding energy of 
5 the hydride ion. 

143. A battery of claim 13S wherein the reduced oxidant is iron metal, 
and the oxidised rcductanl comprising the increased binding energy 

hydride ion is potassium hydride (JT/r(l /#>)), where W^ij represents 
10 said hydride ion where p is an iniegcr greater than I. 

144. A ballcry of claim 140 wherein the reduced oxidant is ( Fe) which 
goes to ihe oxidation state (Fe A *) to form the oxidant {Fe" (H (n - I / p)) 4 ) 

where IS an increased binding energy hydride ion where p is an 

15 integer from 11 lo '20. the oxidized rcductant is (JT) which goes to the 
oxidation slate (K) to form ihe rcductant potassium metal, and the 
hydride ion completes the circuit by migraling from the anode 
compaitmcnl to the cathode compartment through ihe salt bridge upon 
application of a proper voltage. 



2 0 



145. A battery of claim 126 wherein the cathode compartment functions 
as the cathode. 



146. A high voltage electrolytic cell for preparing increased binding 

2 5 energy hydrogen compounds, said cell comprising 

a vessel containing 
a cathode, 
an anode, 

an electrolyte having an increased binding energy hydride ion 

3 0 as an anion, and 

an electrolytic solution containing the electrolyte and in 
contact with the cathode and the anode. 
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147. A cell of claim 146 wherein the increased binding energy hydrogen 
compounds produced by .he cell are Zinil phase silicides or silanes and 
sa.d compounds are prepared without the decomposition of the anion the 

5 electrolyte, or the electrolytic solution. 

148. A cell of claim 146 being capable of operating at a desired voltage 
w.thout decomposition of the increased binding energy hydride 



10 



1 5 



20 



ion. 



149. A cell of claim 146 wherein the increased binding energy hydrogen 
compounds produced comprise a cation M'\ where „ is an integer, and 
wherein the increased binding energy hydride ion H where p is an 

integer greater than |, is selected such that its binding energy is greater 
than the binding energy of the cation M<"'>\ 

150. A cell of claim 146 wherein the increased binding energy hydrogen 
compounds produced comprise a cation formed a. a selected volwe such 
that «he^ n-th ionization energy IP, of the formation of the cation M" ' 
from where » is an integer, is less than the binding energy of the 
increased binding energy hydride ion where p is an integer 
greater than I. 



151. A cell of claim 146 wherein the increased binding energy hydrogen 

compounds produced comprise an increased binding energy hydride ion 

2 5 wh.ch »s selected for a desired cation such that the hydride ion is not 
oxidized by the cation. 

152. A cell of claim 151 wherein the cation is either of He 1 ' or Fc'\ and 
the increased binding energy hydride ion ,s //( ±) where p is from 1 1 to 

30 20. KP) 

153. A fuel cell comprising 

a source of oxidant, said oxidant comprising increased binding 
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energy hydrogen atoms, 

a cathode contained in a cathode compartment in 
communication with the source of oxidant, 

an anode in an anode compartment, and 
5 a salt bridge completing a circuit between the cathode and 

anode compartments. 

154. A. cell of claim 153 wherein the increased binding energy hydrogen 
atoms react to form increased binding energy hydride ions as a cathode 

I 0 half reaction. 

155. A cell of claim 153 wherein the source of oxidant is an increased 
binding energy hydrogen compound containing at least one neutral 
positive, or negative increased binding energy hydrogen species and at 

1 5 least one other element. 

156. A cell of claim 155 wherein the increased binding energy hydrogen 
aioms arc supplied to the cathode from the oxidant source by thermally 
or chemically decomposing the increased binding energy hydrogen 

2 0 compounds. 

157. A cell of claim 153 wherein the source of oxidant is selected from a 
group consisting of an electrolytic cell, a gas cell, a gas discharge cell, and 
a plasma torch cell. 

25 

158. A cell of claim 155 wherein the increased binding energy hydrogen 
compounds comprise a cation M" , where „ is an integer, bound to an 
increased binding energy hydride ion such that .he binding energy of the 
cation is less .han the binding energy of the increased bindino 

3 0 energy hydride ion. - 

159 A cell of claim 158 wherein the source of oxidant is an increased 
binding energy hydrogen compound represented by the formula 
""""Uj. -herein *« is a cation. . is an integer, and M represents 
3 5 an increased binding energy hydride ion where p is an integer greater 
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than I and where ibe hydride ion is selected such that its binding energy 
is greater than ihe binding energy of the cation M Xn ~ l) \ 

160. A cell of claim 153 wherein the cathode compartment is the 
5 cathode. 

161. A cell of claim 153 further comprising a fuel comprising increased 
binding energy hydrogen compounds. 

10 162. A method of separating isotopes of an element comprising: 

reacting an increased binding energy hydrogen species with 
an elemental isotopic mixture comprising an excess of a desired isotope 
with respcct^lo the increased binding energy hydrogen species to form a 
compound enriched in the desired isotope and comprising at least one 

1 5 increased binding energy hydrogen species, and 

purifying said compound enriched in the desired isotope. 

163. A method of separating isotopes of an clement present in one more 
compounds comprising: 

2 0 reacting an increased binding energy hydrogen species with 

compounds comprising an isotopic mixture which comprises an excess of 
a desired isotope with respect to the increased binding energy hydrogen 
species to form a compound enriched in the desired isotope and 
comprising at least one increased binding energy hydrogen species, and 
25 purifying said compound enriched in the desired isotope. 

164. A method of separating isotopes of an clement comprising: 

reacting an increased binding energy hydrogen species with 
an elemental isotopic mixture comprising an excess of an undesired 

3 0 isotope with respect lo the increased binding energy hydrogen species to 

form a compound enriched in the undesired isotope and comprising at 
least one increased binding energy hydrogen species, and 

removing said compound enriched in the undesired isotope. 

3 5 165. A method of separating isotopes of an element present in one more 
compounds comprising: 
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reacting an increased binding energy hydrogen species with 
compounds comprising an isotopic mixture which comprises an excess of 
an undesircd isotope with respeel to the increased binding energy 
hydrogen species to form a compound enriched in the \mdesired isotope 
and comprising at least one increased binding energy hydrogen species, 
and 

removing said compound enriched in the undesired isotope. 

166. A method of separating isotopes according to any of claims 162, 
163, 164, or 165 wherein the increased binding energy hydrogen 
species is an increased binding energy hydride ion. 
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